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Abstract

This thesis evaluates the survivability of the hardened mobile launcher system (HML)

against a hypothetical enemy ICBM system. The hypothetical system has two key

capabilities: it can obtain near real-time intelligence information regarding the HIJLs

location, and it can be retargeted in flight (as necessary) according to the intelligence

information. Thus. the hypothetical ICBIM threat systems can attack individual HMLs

directly rather than rely on a "barrage atrack" against DM1L bases.

Monte Carlo simulation is used to approach the problem. The model is an MEASIC

computer programwritten and run on an Apple Macintosh computer. The model

simulates the flight of the attacking ICBMs (there may be as fev as one or as many as '-

fourteenvarheads directed at each ML) and the random di:*er al ttLics of a single HML.

The model determines the locations of the detonations and the iocation of the HM1 at time

of detonation. Based on these locations, probability of kill due to peak blast overpressure

. is calculated.

A key parameter in the model is ntelligence / retargeting cycle time" -- the amount

of time required to obtain intelligence and retarget accordingly. This time is varied from I - -

- one to thirt~minutes. The model also allows variations in HDML speed and hardness and

threat system CEP. A subroutine for examining the effects of neutron fratricide on the

attacking varheads is ilo included (although the effects vere found to be negligible).

The main result of this thesis Is that very small intolligence/retargeting cycle times

are required for this to be an effective veapon system against the HML. Thus, vith today's

technology,(or technology of the near futureohe HML can be considered a very

survivable system.
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SURVIVABILITY OF THE HARDENED MOBILE LAUNCHER WHEN ATTACKED
BY A HYPOTHETICAL. RAPIDLY RETARGETABLE ICBM SYSTEM

1. Introduction

Background

The Scowcroft Commission

In January of 1963. President Reagan established a blue ribbon commission to study

possible modernization plans for the United States' strategic forces. The commission,

formally called "The President's Commission on Strategic Forces," was chaired by retired

Air Force Lieutenant General Brent Scowcroft and is therefore often referred to as the

Scowcroft Commission.

Members of the commission met for three months and, in April 1983. they published a

a report which addressed many strategic issues, both political and military, including

deterrence, arms control, and the importance of our strategic forces in maintaining

stability with the Soviet Union. The commission defined stability as. "the condition which

exists when no strategic power believes it can significantly improve its situation by

attacking first in a crisis or when it does not feel compelled to launch its strategic

weapons in order to avoid losing them" 1 19. 291. Thus, the commission emphatically

recommended that "stability should be the primary objective both of the modernization of

our strategic forces and of our arms control proposals" [19. 31.I With this objective (stability) in mind, the commission examined the state of our

F strategic forces. Their primary task was to make specific recommendations regarding



strategic modernization programs, and, at the request of the President, emphasis was

placed on studying the future of our ICBM forces. In this area, the commission

recommended a three-pronged approach to modernization. First, they recommended

deploying M1 missiles in existing Minuteman silos to satisfy the immediate need for ICBM

modernization. Next, they recommended working to increase strategic stability through

arms control agreements. Finally, they recommended designing a new small ICBM

(SICBM) capable of carrying only one warhead [19. 141.

The commission had two primary reasons for advocating the SICBM. both relating

directly to the stated objective of promoting strategic stability between the US and the

USSR. First, the commission stated that a small, one-warhead missile is a far less attractive

target than a large missile with many MIRVs. Secondly, they believed that a small missile

would permit greater flexibility in basing modes. Not only could such a missile be based in

* -' a silo, but it could also be housed in a mobile launching platform. The result would be

greatly increased survivability. Additionally, if the mobile launcher was hardened

against nuclear blast effects, its survivability would increase even further. The

commission noted the effects these systems would have on the stability of our strategic

relations with the Soviets:

A more stable structure of ICBM deployments would exist if both sides moved
toward more survivable methods of basing than is possible when there is
primary dependence on large launchers and missiles. Thus from the point of
view of enhancing such stability, the Commission believes that there is
considerable merit in moving toward an ICBM force structure in which
potential targets are ,f comparatively low value -- missiles containing only one
warhead. A single-warhead ICBM. suitably based, inherently denies an attacker
the opportunity to destroy more than one warhead with one attacking warhead.
The need to have basing flexibility, and particularly the need to keep open the
option for different types of mobile basing, also suggests a missile of small size.
If force survivability can be additionally increased by arms control agreements
which lead both sides toward more survivable modes of basing than is possible
with large launchers and missiles, the increase in stability would be further
enhanced 119. 141.

For these reasons, the commission strongly recommended the development of the

SICBM and the hardened mobile launcher. Development of both systems began in 1963
'..
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Hardened Mobile Launcher (HML)

The increased survivability of a missile housed in a hardened, mobile launcher is due

to the two inherent capabilities of the launcher that are reflected in its name -- hardness

and mobility. Hardness can be defined as, "the degree to which the launchers successfully

resist nuclear weapons effects" 123, 11. The two effects that are of the greatest concern to

the HML are static overpressure and dynamic pressure. Static overpressure is a dramatic

increase in atmospheric pressure that could crush the HML. Dynamic pressure refers to

the blast winds that could blow the HML over, preventing it from launching 123, 11

"Mobility is the capability to evade attacking warheads by either stationing at a point

unknown to the attacker at the time the attack is launched, or by changing locations

during the flight of the attacking missiles. In either case, the attacker is shooting

'blind" 123. ].

Prior to beginning SICBM / HML system development in late 1983, and because of the

uniqueness of the systems and the urgency of the program. the Air Force Systems
C..,

Command established a Small Missile Independent Advisory group to recommend an

acquisition strategy and management approach for the small missile program. The group

convened in July 1983. Its chairman was retired Air Force General Bernard A. Shriever.

The committee recognized the uniqueness of the HML and recommended that its

development receive special emphasis. The committee also pointed out that there is a

trade-off to be made between the hardness and the mobility of the HML system 121, 71.

This trade-off, they said, could be a major design difficulty, requiring special attention.

The key problem for the hard mobile launcher is balanced hardness design and
mobility. Blast hardness in excess of 25 PSI is probably required to provide
survivability while restricted to operation on DoD land areas. The vehicle must
be designed so it will not be overturned by lateral blasts, but weight must also be
kept to a minimum to facilitate mobility and minimize cost (21. 81.

I As recommended by the commission, the Ballistic Missile Office (BMO) at Norton AFB.

California received overall weapon system responsibility, and a Small Missile System

3
ka,
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Program Office was established to manage the program. Development began with four

contractors working on proposals for the HML system. The four were: Boeing Aerospace.

Martin Marietta. Bell Aerospace Textron, and General Dynamics Early in 1985. at the

beginning of the pre-full-scale development phase of the program. the latter two

contractors were eliminated from the competition; Boeing and Martin Marietta remain.

% 122. 191 Martin Marietta is designing their version of the HML in partnership with the

Caterpillar Tractor Company. Their prototype was rolled out on 9 September 1985 112. 801.

Boeing is developing their HML in partnership with Goodyear. Their prototype was rolled

out on 25 September 1985 118.241.

At the present time, tests are being conducted on both systems to determine hardness

4, and mobility characteristics. According to the proposed development schedule, the

winning system will be selected in October 1986, and production will begin in 1988. Five

hundred HMLs are expected to be fully deployed by 1992 [11, 241.

The HML method of basing for the SICBM is generally preferred; however, it is not the

only method being considered. While the two prototype HMLs are being tested, the Air

Force is also conducting tests on super hardened silos. "The results of hard silo tests are

classified, but (LtCol James L.) Horton said that the test results have been very satisfactory.

offering 'good survivability' for the missiles that come under attack" 18, 241 .LtCol Horton

is a Systems Command project manager for the small ICBM 18, 241.

In late 1986. a basing mode for the SICBM will be selected. The options under

consideration are: the HML. the super hardened silo, or a mix of the two. Between the two

systems, the HML is generally preferred, and is, in fact, considered the current baseline.

18.241 However, a strong argument can be made for a combination of the two systems.

The Scowcroft commission's report stated, "We should keep in mind, however, that having

several different modes of deployment may serve our objective of stability. The objective

for the United States should be to have an overall program that will so confound.

4



complicate, and frustrate the efforts of Soviet strategic war planners that, even in

moments of stress, they could not believe that they could attack our ICBM forces

effectively" 119. 151.

The HML vs. super hardened silo decision will be a difficult one. It will be based on test

performances and on strategic considerations, such as the one stated above by the

Scowcroft commission. Another consideration will be, as stated by Scowcroft. "the

evolution of Soviet strategic programs" -- in other words, the nature of the threat 119, 151.

The Threat

In proposing mobile basing for the SICBM, the Scowcroft commission stated that.

mobile deployments of U. S. missiles would require the Soviets to try to barrage large

areas using a number of warheads for each of our warheads at risk, to develop very

sophisticated intelligence systems, or both" 119. 151. The first alternative, a large barrage

attack, has been carefully studied at the Ballistic Missile Office. Their studies indicate that

with a properly dispersed HML force, the Soviets would have to launch a salvo of

approximately fourteen one-megaton warheads per HML to inflict lethal damage to a

sufficient percentage of the HMLs. With a planned force of 500 HMLs, this would require

7000 warheads be targeted against the HML force alone. Our planners are certain that this

is an unreasonably high number, and their conclusion is that deploying mobile missiles is

truly an effective deterrent against a Soviet attack.

However, the second alternative mentioned by the Scowcroft commission, the

development of sophisticated intelligence systems, has not been examined as thoroughly

as the first alternative. Current planning seems to assume that the only threat to the HML

force is a huge barrage attack, and at the present time that is probably true. The

"sophisticated intelligence systems" do not yet exist (to our knowledge). Moreover, no

weapon system exists (again, to our knowledge) that is capable of exploiting that

S
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intelligence rapidly enough to counteract the effects of the HML's hardness and mobility.

However, the SICBM / HML system is not scheduled to be fully deployed until 1992, and its

expected lifetime extends veil into the next century. Within that frame of reference, it is

not difficult to hypothesize a weapon system, essentially based on today's technology, that

will be able to locate and target individual HMLs with some degree of accuracy, thus

eliminating the need for a barrage attack, and possibly reducing the number of warheads

necessary to inflict extreme levels of damage on the HML force. This thesis examines the

impact of such a system on HML survivability.

The hypothesized Soviet weapon system is an ICBM with three essential requirements:

I. A sophisticated intelligence / communications system that is capable of

locating the HMLs and relaying that information to the ICBM in near real-time.

In ths case. "near real-time" means at some time during the flight of the ICBM.

The envisioned system consists of intelligence gathering by reconnaissance

V satellite or HUMINT or some combination of methods. The intelligence

information is then relayed by communications satellite to a command center,

where it is processed and relayed in the form of new geographic target

coordinates to the attacking ICBM system.

2. The re-entry vehicle (RV) must be capable of being remotely retargeted in

flight. In other words, they must have the capability to update the geographic

target coordinates based on information relayed from the ground. At least in

principle, that capability exists today and is used to make course corrections in

unmanned space vehicles.

3. The RV must have the capability to effect the maneuvers required of it when it
receives new target information. Again, this capability essentially exists today

in our maneuverable re-entry vehicle (MARV) technology [1.51.

Given these three capabilities, it becomes possible to direct an attack against



individual HMLs. rather than relying on the barrage attack concept. This drastically

changes the nature of the encounter. In the case of the barrage attack, the number of

attacking warheads necessary is determined, in part, by the characteristics of the HML

(hardness and speed), but primarily by the size of the tract of land upon which the HMLs

are free to travel. The larger the land area, the more warheads required to completely

barrage it. Given the intelligence / retargeting capability described above, and thus an

* attack on individual HMLs. the number of warheads necessary to inflict high damage

levels depends on how rapid the intelligence / retargeting cycle is and how often the HML

position can be updated during the flight of the RV. If the cycle time is short, then the

IIML will not have time to travel very far between the RVs last location update and

weapon detonation. In this case, the probability of damage to the HML will be relatively

high and less warheads will have to be expended per HML to inflict a high damage level.

4 However, if the intelligence / retargeting cycle time is long, the I ML will have the ability

to drive out from under the attack, decreasing its probability of damage, and requiring

more warheads to be expended to inflict high damage levels over the entire HML force.

Problem Statement

'I' Recognizing that: 1) a final decision is pending regarding the basing mode of the

SICBM, and 2) whatever mode (or combination of modes) is selected will almost certainly

be the baseline ICBM force well into the 21st century, it seems prudent for the decision

makers to have information available to them regarding the entire range of threats that

may face the SICBM / HML system during its lifetime. The range of threats is defined on

one end by the existing threat. This is the most likely threat if an attack were to occur

today -- it is known to exist, it is fairly well understood, and it can be studied in great

detail. In the case of the HML, the existing threat is the Soviet ICBM force (probably

7
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SS- 18s) launched in a massive barrage attack against the entire HML field. This scenario

has been exhaustively studied and the results are favorable to a properly dispersed and

hardtned HML force.

The other end of the threat range should be defined by the worst case scenario. The

threat system hypothesized in the previous section of this report, while not currently in

V existence, is certainly within the realm of technological feasibility, especially when

considered over the lifetime of the SICBM / HML system, and can be regarded as the worst

case scenario. It defines the worst end of the feasible range of threats against the HML

system. To have complete confidence in the HML system, its survivability with respect to

this end of the threat range should also be studied. Therefore. the problem posed by this

study is:

"How survivable would the HML force be against a weapon system with the capability

to periodically determine an HML's location (in near real-time) and retarget accordingly,

thus permitting an attack against individual HMLs, as opposed to the barrage attack

concept?"

Objectives of this Study

In addressing the problem posed in the "Problem Statement" section of this chapter,

this study has three primary objectives:

1. Develop a methodology to calculate the pre-launch survivability (PLS) of the HML

force when attacked by the hypothesized threat.

2. Use this methodology to provide accurate information about the PLS of the current

baseline HML force if attacked by the hypothesized threat system. The

survivability of the HML force will be studied with regard to a wide range of threat

capabilities. This will be accomplished by parametrically varying the intelligence

8
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/ retargeting cycle time of the threat system and by varying the number of

warheads directed at each HML.

3. Provide a flexible computer model capable of studying the PLS of the HML force

with initial conditions other than those studied in this report; e.g.. different

speeds, hardness levels, or tactics of the HMLs, or different cycle times, numbers of

S-. warheads, weapon yield, or circular error probable (CEP) of the threat systems.

Methodology

The study uses a "Monte Carlo" simulation technique to determine the probable damage

levels inflicted on the HML force during an attack by the hypothesized threat. A Monte

Carlo simulation model is appropriate in this study since, according to The Military

Applications of Modeling a Monte Carlo simulation is called for when "the objective is to

replicate a reasonably well understood process" [4. 141. In this study, several such

processes are modeled, including the random movement of the HML. the occurence of

intelligence / retargeting updates for the attacking ICBMs. and the effects of the

attacking ICBMs' CEP on aiming accuracy.

,Again, according to The Military Applications of Modeling, any Monte Carlo simulation

uses the following two phased approach:

First, in the course of running the basic system model for a given set of
initial conditions, the sequence of random events is obtained by sampling a
random number generator. comparing the resulting number with a specific
distribution, and using the corresponding value of the random event in the
process being modeled. Ultimately, this process results in a final output value or
set of values, as indicated by the measure of effectiveness.

The second phase involves repeating the first phase many times over. Each
repetition will result in a different final Measure of Effectiveness (MOE) value.
since the random processes operate slightly differently each time. This
produces in approximate distribution of the MOE as a random variable itself.
This can then be used to characterize the MOE through conventional indicators
such as expected value or probability of achieving a minimum specified level of
the MOE 14.30).

'. 9



In this study. Phase 1 represents an attack on one HML by a given number of

warheads. Initial conditions are the number of warheads, the intelligence / retargeting

cycle time of the attacking weapon systems, the weapon yield and CEP, the speed of the

HML, and the hardness level of the HML. The final output value of each run is the

probability of kill (P)due to the encounter. (Probability of kill represents the

'S. probability that the attacking weapons damage the HML sufficiently to prevent it from

successfully performing its mission.)

To complete Phase 2 of the Monte Carlo simulation process, the computer model is run

many times using the same set of initial conditions. The resulting P~ are averaged. This

average Pt value represents the probable damage level that would be inflicted on the

entire HML force if attacked by a threat vith the capabilities described by the set of initial

conditions. In other words, the average P. represents the percentage of HMLs that would

be incapacitated following an attack by the described threat.

The actual model used in this study is an MEASIC computer program. written and run

on an Apple Macintosh computer. It is described in detail in Chapter 2 of this report. The

1' program listing is in Appendix A. Briefly, the model does the following:

I1 Determines the flight time of the attacking ICBM.

2. Based on the flight time and the intelligence / retargeting cycle time, the

~ ~. model determines the time when the attacking weapon receives its last valid

intelligence update. The time of the last update is significant because the

HMLs location at this time becomes the weapon's designated ground zero (DGZ).

(A vaid update assumes the attacking system receives the new target location

and has enough time remaining in its flight to effect a course correction to the

new DGZ.)

3.Uses effective targeting patterns (based on the number of attacking warheads

* 10



directed at each HML) to determine aimpoints for each of the warheads. When

the attacking weapon system consists of more than one warhead, the optimal

targeting pattern 1. used to conduct a "mini-barrage" attack on an "area of

uncertainty" around the HML. The area of uncertainty is a circle whose radius

is determined by the amount of time the HML traveled unobserved between the

attacking system's last update and detonation of the warheads.

4. Determines the location of the HML at the time of detonation.

5 Computes the effect of circular error probable on the locations of the

detonations.

6. Measures static overpressure effects on the HML.

7 Computes HML P

pk

2 11



II. Overview of the Model

The basic purpose of the model is to examine the survivability of a single HML against

the threat posed by one or more attacking warheads. In order to calculate some measure

of survivability, three things must be known or determined:

1 . Range from detonation to target,

2. Certain warhead characteristics (most notably, yield),

3. Target hardness.

Given a range and a weapon yield, the peak amount of overpressure experienced by

the target can be computed. The peak overpressure level and target hardness can then be

used to compute the probability of kill (P) (A kill occurs when the HML has been

damaged sufficiently to prevent it from successfully completing its mission.)

The computer model is written in MUASIC for the Apple Macintosh computer. Each

* run of the model simulates an encounter between one HML and a specified number of

attacking warheads. Viewing the model from a very broad perspective, it can be separated

into three functional sections:

1. First, the model determines two critical times:

a. the time from launch detection until the attacking warheads' last valid

intelligence/retargeting update. This time is assigned the variable

name TIMEI.

b. the time from the final update until weapon detonation. This is assigned

the variable name TIME2.

2. Next, the model simulates random motion of the HML for periods of time equal

to TIMEI and TIME2 to determine two important locations:

a. The warheads' aimpoint. (Note: If only one warhead is directed toward

each HML. the location of the HML after a period of time equal to TIMEI

* 12



(the last valid update) will be the warhead's aimpoint or desired ground

zero (DGZ). If multiple warheads are aimed at each HML. then the HML's

position at TIMEI represents the center of a circular "area of

uncertainty" which the attacking warheads must attempt to barrage as

thoroughly as possible. In either case, the HML's position at TIME1 is a

target reference point for the incoming warheads.)

b. The location of the HML at detonation.

3.. Finally, the model uses the location of the target, the location of the bursts.

and a model for approximating the effects of circular error probable (CEP)

to determine the effective range from each burst to the HML. Based on

these ranges, the damage due to static overpressure is computed, and from

the results of these calculations, Pk is computed.

Detailed descriptions of the three model sections comprise the following three

chapters of this report. The computer code for the model is included in Appendix A.

A basic flowchart is in Appendix B.

Modelina Assumptions

I. The HML force is strategically dispersed at the time of the attack. It is assumed that

as tension increases, the force is dispersed to its strategic dispersal levels to

increase survivability. It is also assumed that this assures sufficient average

separation between HMLs to ignore residual damage from neighboring attacks

2. Cumulative damage effects on the HML are negligible. When each burst's effects

are calculated, it is assumed the HML has not been weakened from previous bursts

.- 3. Predominant kill mechanism is peak overpressure.

4. HML can predict time of detonation and sets up exactly two minutes prior

5. Intelligence information is "perfect." Likewise, retargeting is perfect.
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III. Model Section 1: Determining HML Movement Times

As mentioned in the previous section. there are two critical HML locations during each

encounter between the attacking warhead(s) and the HML. The first is the HML's location

at the time of the warheads' last valid intelligence/retargeting update. This location is

important because it will become the aiming reference point for the warheads. (Recall

from the previous section, if only one warhead is attacking the HML, the HML's location at

the last update becomes the warhead's desired ground zero (DGZ). If multiple warheads are

attacking the HML, its position at the last update will be the center of the circular area of

uncertainty which the warheads will barrage. Thus, in both cases, the HML's position

when the last update occurs becomes an aiming reference point.)

Of course, the HML may continue moving after the last update. So it is necessary to

determine the second critical HML location -- its position at the time of weapon detonation.

Once this location and the aiming point of the attacking warheads are known, the distance

from the HML to the bursts can be determined, and then the amount of overpressure

damage can be calculated. Note that the two critical locations of the HML depend directly

on elements of the attacking ICBM system's flight sequence (specifically, last update time

and time of detonation). Therefore, to determine these two locations, the corresponding

times must be determined. To do so. a time sequence of the attacking warhead must be

modeled. Figure I is an illustration of this sequence. (See the flow chart in Appendix C.)

L .,Jr,:h L urch First $'.jb equerit L.-t Hr-iL t,:,p- DetCr tir,

,etection IIpd 3e UIpd-.te-

Figir. 1: ICBM Flight Soqtsm
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Before attempting to describe the mechanics of the computer program that models the

warheads' flight time sequence, it will be helpful to explain some of the elements of the

sequence. Those descriptions follow:

I. Launch of the ICBM is treated by the model as Time - 0.

2. The total flight time of the ICBM is the time from launch to detonation. In the

computer program, this time period is represented by the variable FLTTIM

(See Figure Z) The value of FLTrIM is drawn from a Uniform (26,34)

distribution. This distribution is based on a time of flight graph in Long

Range Ballistic Missiles by Eric Burgess (6. 1951. According to the graph, the

average time of flight of an ICBM is 30 minutes. (This corresponds to a

distance of 3500 nautical miles.) The value of FLITIM is modeled as a uniform

r- Jom variable (with mean - 30 minutes) to account for variations in the

locations of the ICBM launch sites and the targeted HML bases.

3. Launch detection time is the amount of time after launch required for

friendly sensors to detect a hostile ICBM launch and to alert the HML force of

an incoming atack. The model refers to this time as DETECT (See Figure 2)

The value of DETECT can be easily changed in the computer program to

reflect changing technology. However, in this study its value was held

constant at 1.5 minutes. This value is based on an approximation used to

evaluate bomber reaction times in a Brookings Institution study [20. 461.

4. A continually decreasing time-to-go is computed throughout each run of the

model. This variable is called TTG (See Figure 3). It represents the amount

of time remaining from the current time until detonation.

5. The intelligence/retargeting cycle time is the essence of this study. It

represents a technological capability -- the amount of time required to

complete one intelligence/retargeting cycle. (Cycle time is called CYCLE in

15
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the computer program.) Because the cycle time is one of the critical

parameters in this study, the structure of an intelligence/retargeting

FLTT 1

SFLTT i1 - :ETE T - ,:'T
-'-., F ) T-

I I

0
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cycle was studied and defined very carefully to ensure a close approximation

to the probable structure of a corresponding "real-world" system. It is

assumed that such a real-world system would be essentially a four-step

process:

.5. a. Obtain intelligence data regarding the location of the HML.
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b. Processthda.

c. Relay the new location to the ICBM in flight.

4-d. RetargeL -- change course to the new DGZ.

In the model, the cycle begins with the receipt of intelligence dama. It is

assumed that acquiring intelligence is a rapid procedure relative to the other

steps in the process. Thus, it is further assumed that at the end of each cycle,

the next batch of intelligence data has already been received, and the next

cycle begins immediately.

As previously mentioned, the cycle time is treated as a technological

capability, i.e., the cycle cannot be completed in less time than the current

value of CYCLE. This implies that the last three steps in the process require

any and all remaining time once the intelligence data has been received.

This is an important consideration in understanding the model. At the

beginning of each cycle, the model compares the cycle time with the time

remaining until detonation. If the cycle time is less than the time to go

(CYCLE (TTG), then there will be enough time to accomplish steps 2. 3, and 4

of the cycle process. In this case, the update is considered valid, and the

* warheads' aimpoint will be based on information obtained during this cycle.

However, if the cycle time is greater than (or equal to) the time remaining

until detonation (CYCLE >- TrG). there will not be enough time to complete

retargeting of the warheads. The model will not consider this a valid update.

4" The warheads' aimpoint will be based on the previous update.

26. The HML requires time to assume its fully hardened configuration. This

period of time is called SETUP in the program. (See Figure 2). The value of

K. SETUP can be easily changed to model technological variations. However, in
this study, the value was held constant at two minutes. This is based on

information received from the Ballistic Missile Office (BMO)17
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An assumption was made regarding the location of the set-up period in

the time sequence. SETUP always occurs precisely at the end of the sequence

(in this study, it is always the last two minutes). This assumes that the HML

has perfect information regarding the flight time of the attacking ICBMs.

"Perfect" information rarely exists in the real world. However. ICBM flight

times can be estimated with enough accuracy to make this a reasonable

assumption. Additionally, it is assumed that enough of a "pad" is built into the

two minute set-up time to compensate for any inaccuracy in estimation of the

ICBM's flight time.

The model uses the above six elements to define the ICBM's flight time sequence. From

the time sequence, the two critical times are determined. A step-by-step description of the

first section of the model follows:

I. The model begins by selecting a value for FLTTIM. the ICBM's total time of

flight. As previously mentioned. FLTTIM is drawn from a Uniform (26. 34)

distribution.

2. Time to detonation is set equal to flight time (TrG - FLTIM).

3. The time to the first intelligence/retargeting update is determined. This time

is drawn from a Uniform (0. 3) distribution, simulating receipt of the first

intelligence data early in the flight (within the first five minutes). The

value selected is assigned to the variable UPDTIM. (Throughout the

simulation. UPDTIM represents the time to the next update.)

4. The time to the first update is compared with the time remaining until

detonation.

a. If the time to del ination is greater than the time to the first update

(ITG UPDTIM). then a valid update occurs.

b. If the time to detonation is less than (or equal to) the time to the first

update (TrG <- UPDTIM), then no valid update occurs. Since UPDTIM. in

18
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* this case, represents the first update, TrG <- UPDTIM implies that the

ICBM receives no intelligence updates during its entire flight. Thus its

p., aimpoint is based on its best information prior to launch. To simulate

this, set TIMEI - 0. (Recall that TIMEl is the time from launch detection

to the last update.) TIMEI -0 implies that the warheads' aimpoint will be

the HML's location prior to its dispersal. Go to Step 9.

5. If a valid update occurred, the new time to detonation equals the current

time to detonation minus the time to the update (TrG - TTG- UPDTIM).

6. After the first update, all subsequent update times are computed using the

cycle time (CYCLE). So. to determine if there will be another valid update,

compare cycle time with the current time to detonation.

a. If the cycle time is less than the current time remaining to detonation

(CYCLE < TrG), than a valid update occurs. (Otherwise, go to 6.b., below.)

I) Set the time to the next update equal to the cycle time (UPDTIM -

CYCLE).

- 2) Return to Step 3. This loop is repeated until the cycle time is

greater than (or equal to) the time remaining until detonation.

This is how the final update time is determined.

b. If the cycle time is greater than or equal to the time remaining until

detonation (CYCLE )- TTG). then there is not enough time to complete the

entire cycle, and a valid update does not occur. The previous update was

the final valid update. The warheads' aimpoint will be the HML's
location ai that time.

- 7. Add the update time to the current time to go. (TfG -1 + UPDTIM). This
step is necessary because in Step 5. UPDTIM was subtracted from TTG.

1..

However, it was subsequently determined (in Step 6) that the cycle under

consideration will not produce a valid update. Thus. a final TG must be
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computed based on the previous valid update (which is the final valid

update). See Figure 3. By adding UPIYrIM to TTG. the current TTG will

reflect the time remaining from the final update until detonation.

8. Since the time of the final update has been identified, TIMEI (the time from

launch detection to the final update) can be established. TIMEI will be the

ICBM's total flight time minus the current time to detonation minus the

* launch detection time (TIMEI - FLTTIM - TrG - DETECT). See Figure 4.

FLTTi I1

DETE':T. T, 

Laur,,::h L 'jr: h First -;Jb .equert ..- t ....." II Detc-,:tx,,r, lUp,,date U.Id.3+e--- Updlate

,U'e' 4. TItiEI : FLTTit1 - :ETECT - TT

9. Once TIMEI has been determined. TIME2 follows directly. Recall that TIME2 is

the amount of time the HML travels between the warheads' final update and

detonation. Thus. TIME2 is equal to the current time remaining to detonation

minus the amount of time required for the HML to assume the hardened

configuration (TIME2 - TrG- SETUP). See Figure 5.

:':i Note that it is possible for TIME2 to be a negative number. If the final

update occurs during the period of time when the HML is setting up. TTG will

be less than SETUP. and TIME2 will be less than zero. The model tests for this

condition, and. in the event that TIME2 is negative, the model sets TIME2 - 0.

This simply implies that the HML did not move between the warheads' final

*, update and weapon detonation. See Figure 6.

20

O.

,;'
5*,*



pp

TI T'T - :.ETLIF

"-EETUP-*

*'fIi Laurich First iub,-equerit NrIL ~.'~ L -, 1ct,ritn~r

N.A irce TI5C, SETIP, TlRIE' 76T - 3ETUP 0t
In thic c.a-e let T IME2 =C,

* 21



.V Model Section 2: Determinina HML Locations and ICBM Aimpoints

Overview

Section 2 of the model computes the location of the nuclear detonations and the

location of the HML at the time of the detonations. It simulates a random dispersal of the

HML and computes these critical locations relative to the HML's movement during its

dispersal. The HML begins dispersing at launch detection and continues moving at

random speeds and in random directions until the time vhen it must assume its hardened

configuration to ride out the attack. During this random dispersal, the critical locations of

the HML are computed based on the variables TIMEI and TIME2. vhich vere calculated in

the previous section of the model.

=*. TIMEI is used to compute the location of the HML when the attacking warheads receive

their last valid intelligence / retargeting update. Since this will be their best known

information for the remainder of the flight, this location becomes an "aiming reference

-point." In cases when only one warhead is being directed toward each HML, the aiming

reference point is the actual designated ground zero (DGZ) of the warhead. If more than

one warhead is directed toward each HML, the aiming reference point is treated as the

center of a circular "area of uncertainty" which the warheads must barrage as

thoroughly as possible. The model determines the actual laydown pattern of the warheads

to achieve maximum coverage of the area of uncertainty. The determination of the

proper pattern is based on the number of attacking warheads and the radius of the circle

(called the "radius of uncertainty," or RU).

TIME2 is used to compute the actual position of the HML at detonation. It represents

the amount of time the HML travels between the attacking warheads' last update and the

time of detonation. To compute the HML's position at detonation, the model starts the HML

at its position after TIMEI. and then simulates random movement for a period of time equal

22



to TIMU. The HML's position at the end of TIMEZ is where it will stop and assume its

hardened configuration to ride out the nuclear attack.

Section 2 of the model consists of five subroutines:

I , The main subroutine ties three of the other four subroutines together to

determine the aimpoint locations and the HML's location at detonation (based

on TIMEI and TIME2).

2. One of the subroutines called by the main subroutine simulates HML random

movement for a given period of time.

3 Another subroutine randomly selects the HML's speed on each leg of its

movement.

4. The main subroutine also calls a subroutine to determine an effective weapon

laydown pattern in cases when multiple warheads are attacking the HML.

5. Section 2 of the model also uses a subroutine to compute a miss distance based

on the attacking warheads' circular error probable (CEP)

Section 2 and its subroutines are described in detail below. The main subroutine is

described after the random movement subroutine. This is because an understanding of

how the program simulates random movement is essential in understanding the structure

of the main subroutine.

' A flowchart of this section of the model is included in Appendix D

Random Movement of the HML

Although the simulated random dispersal of the HML is continuous from launch

detection until it must stop to prepare for the attack, the dispersal is divided into two

periods by the model. The first period starts at launch detection and lasts for an amount of

time equal to TIMEI. The location of the HML at the end of this period will be the aiming

reference point for the attacking warheads. The second period starts at the end of the

first period and lasts for an amount of time equal to TIME2. This period will end when the
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HML must begin assuming its hardened configuration. Thus, the location of the HML at

this time will be its location at the time of detonation.

'." The random movement of the HML is simulated using the same procedure during both

periods. Random movement of the HML is simulated as follows:

1. The HML's current location is established. The coordinates of the current

location are always represented in the model as (X0, YO).

2. A "time to go" is established (called TrG in the computer program). TTG can

represent one of two critical times. If the subroutine is currently computing

the aiming reference point (actually the HML's location at the time of the last

update), then TrG is initially set equal to TIMEI. If the subroutine is computing

the HML's location at the time of detonation, TTG is set equal to TIME2.

(Throughout the subroutine. TrGwiU decrease until it reaches zero.)

3. A destination location is selected at random. This point is called (XI. YD). The

selection of the destination point is accomplished as follows:

a. The HML's original position is initialized as (XO, YO) - (0. 0). This is

,v, assumed to be the center of a circle within which the HML is able to

move during the encounter. Its radius is calculated by multiplying the

maximum speed of the HML by the flight time of the attacking ICBMs.

Thus, there are no circumstances in which the HML could travel outside

this circle during the encounter. In the model, the flight time is in

minutes and is referred to as FLTTIM. The maximum speed of the HML is

called MAXMPH and is in miles per hour, so it must be converted to miles

per minute for this calculation. Thus, the formula for determining the

radius of this circle is FLTTIM * MAXMPH / 60. (See Figure 7.)

b. A distance is selected from a uniform distribution. The parameters of

-p the distribution are zero and the radius of the circle. The variable name

assigned to this distance is DIST.
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c. An angle is randomly selected from a uniform distribution between zero

and 2Tr radians. The angle represents the direction from point (0. 0) to

the selected point and is referred to as DIR in the program.

,o'o

Initial position

Figure 7: Circle Representinq the Maxkum Extent of the HML's Movement

d. The destination points coordinates are computed using the following

formulas (see Figure 8):

XI - DIST' COS (DIR)

YI -DIST* SIN (DIR).

'4 4. The HML's speed (MPH) is obtained from another subroutine. (It is described in

detail later in this chapter.) A new speed is selected for each leg of the HML's

movement.

5. The distance and direction from the HML's current location to the destination

are calculated. (Note that these are not the same calculations as in 3.b.. c.. and

d. above. Those calculations selected a random point based on a distance and
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direction from the HML's initial location (0, 0) The calculations currently

under discussion measure the distance and direction from the HML's current

location (10. YO) to the destination point which has already been selected.)

a. The distance, R, from the current location. (10. YO) to the destination

location. (XI, YI), is computed using the following.

l -ll - X0

Y -YI - TO

b. Next. the direction (THETA) from (0. YO) to (XI. Yi) is computed The

formula used to compute THETA depends upon the quadrant in which

the destination point is located (with respect to X0, YO)

,,.e Destination Point
Cr. DIS T.
C",

> 0 s DIR 1 271

(0.0) X =ST * COS (DIR)

I' X1 Y1 =0DIST 4 SIN (DIR)

Figure 8. Random Movement -- Selection of the HL's Destinaton Point

6. Based on the distance (R). the HML's speed (MPH). and the time to go (TIG), the

HML may or may not reach the destination point before it must stop and

S-prepare to ride out the atck.

.
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a. If the HML reaches the destination point (see Figure 9):

1) The amount of time required to travel from (X0. YO) to (XI. YI) is

4computed. This time is called MOVTIM.

2) The destination position becomes the current position. This is

accomplished by setting (X0. YO) -(XI. YI).

3) A new destination (Xl. Yl) is selected (as in item 3 above)

4) A nev time to go is selected by the formula:

TTG -TTG- MOVTIM.

3) The procedure is repeated until a destination point is selected

that time will not allow the HML to reach.

A

c (xo,Y'o) (xi YO

a. TTG MOVT IM -- the HIML b. Another destination is randomhm selected
reaches its destination (Xl ,Yl). The old (X1 ,Y1) becomes (XO,YO).

F ire 9 the HM.L reaches its Destination a1 Another is Selected

b. If the HML cannot reach the destination point before the time to go

elapses, it will travel in the direction given by THETA (toward the

destination point) for the remaining time. The distance it will travel is

computed by multiplying the time remaining by the selected speed of

[..7



the HML on that leg of its movement (see Figure 10).

c. Given this distance and the direction of travel (THETA).a point

representing the end of the HML's random movement can be

determined.

final desinaio

HML does NOT have

Figure 10: The HM Does NOT Reah its Destination.

Computing Burst Locations and the HML's Final Location

This is the main subroutine in Section 2 of the model. As previously stated, its

description was saved until after the description of the random movement subroutine to

facilitate a better understanding of the main subroutine.

The subroutine starts by setting the HML's initial position (XO. YO) equal to (0.0). This

assures that the HML starts at the origin.
..

The subroutine then checks to see if TIMEI - 0. Since TIMEI represents the time from

launch detection until the attacking warheads' last update, TIMEI can only equal zero if no

updates are obtained for the entire flight. (This should be a rare occurence and should
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only happen with very long cycle times.) If TIME -0. then the warheads' best known

location of the HML will be the origin (since it is assumed the HML's location is known at

launch time). Thus, if TIMEI - 0. the warheads' aiming reference point is the origin. The

coordinates of the aiming reference point are called (XRV. YRV) in the model. So. in this

case (XRVYRV) - (0.0).

If TIMEI is not zero (and this is generally the case), the time to go (TTG) is set equal to

TIME1 and the random movement subroutine is called (see above). The subroutine

simulates random movement of the HML for a period of time equal to TTG. Upon return

from the subroutine, the aiming reference point coordinates are set equal to the

coordinates of the HML's current location, or (XRV. YRV) - (X0, YO).

Once the aiming reference point is determined, a subroutine is called to determine the

optimal weapon laydown pattern for multiple warhead attacks. This subroutine is

explained in detail later in this chapter. Thus, locations for all the bursts are established.

The subroutine's next task is to determine the location of the HML at the time of

detonation. Its current location is (10. YO) - (XRV, YRV), which was just determined to be

its position when the attacking warheads receive their last update. The HML will continue

to move from this spot until it must stop to assume its hardened configuration. The length

j of time of this movement is represented by the variable TIME2 (the amount of time from

. the warheads' last update until the HML stops moving). So the time to go (TrG) is set equal

to TIME2. and the random movement subroutine is called. The final location computed by

the subroutine will be the HML's final position. This position is called (XHML, YHML)

Selecting the HML's Speed

The actual speed of the HML varies with the type of terrain it must traverse Estimates

I provided by the Ballistic Missile Office indicated that it should be capable of traveling at

speeds of 12 miles per hour over rough terrain and 38 miles per hour over smooth terrain

or on roads BMO also indicated that 30 miles per hour is a good approximation of the most
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likely speed over any terrain [7]. (As this report is being written, mobility tests are being

conducted on full scale prototypes of the HML. Preliminary indications are that it will

exceed expectations in both off-road and on-road speed capabilities 17). However, this

study focuses on the current estimates since conclusive results of the tests are not yet

available. The model allows all three speeds, minimum, maximum, and average, to be

* . easily changed for future use. A range of speed capabilities and their effects on

survivability will be examined in the sensitivity analysis section of this report.)

Given the minimum. maximum, and most likely speeds, a triangular distribution was

'p constructed for use in the model. This distribution is appropriate since, according to

Banks and Carson, the triangular distribution is particularly useful wVhen assumptions

are made about the minimum, maximum, and modal values of the random variable" [2.134 1.

In this subroutine, the minimum speed is represented by the variable MINMPH, the

maximum speed is represented by MAXMPH. and the most likely speed is represented by

MLKMPH. Thus, the triangular distribution has the value of MINMPH as its minimum

value. MAXMPH as its maximum value, and MLIZMPH as its modal value. The height of the

triangular probability density function (PDF) at the modal value is given by the formula.

Height -2 / (MAXMPH - MINMPH). As previously mentioned, in the base case of this study.

* MAXMPH - 38. MINMPH - 12, and MLKMPH - 30. Therefore, the height of the PDF at the

modal value of 30 is 2 / (38 - 12) -0.0769. The distribution is illustrated in Figure 11.

The subroutine is relatively simple. It uses the cumulative distribution function (CDF)

of the triangular distribution, which is determined by finding the definite integral of the

PDF. As in all probability distributions, the value of the CDF ranges between zero and one.

When the subroutine is called, a random number (called R12 in the subroutine) between

zero and one is generated. This number represents a random sampling from the ODF

!

Using the value of RIZ. the corresponding random speed of the HML can be determined

using the "Inverse Transfor m" technique (2, 299-3001. The random speed calculated will

be the HMLs average speed over that leg of its movement.
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MPH

Figure 11 Triangulr Distribution Used to Determine HML's Speed.

Determining Weapon Laydown Patterns

As mentioned previously, when only one warhead is attacking each HML. the aiming

reference point is the warhead's DGZ. However, when multiple warheads are directed

against each HML. the aiming reference point is the center of a circular "area of

uncertainty." The HML is located somewhere within this circle, and the warheads must

barrage this area as thoroughly as possible.

Once the aiming reference point for the warheads has been established (hence, the

uncertainty circle has also been established), a subroutine is called to determine exactly

where within the circle to aim each warhead. Thus, a weapon laydown pattern is

established based on.

1. The number of attacking warheads. This value is examined parametrically by theI-.--.

model. In this study, attacks by one warhead per HML through fourteen warheads per

HML are examined. (Fourteen was selected as the limiting value since preliminary studies

indicate that a barrage attack would require roughly fourteen warheads per HML to

achieve a 9 PK on the entire HML force. This assumes a force of 500 HMLs which are
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randomly dispersed ,a 16.000 square miles of land. It also assumes the attacking

warheads are each approximately I megaton. Thus, if this thesis determines that more

thn fourteen warheads per HML are required to destroy 90% of the HML force, then the

barrage approach can be considered the "dominant" approach. In other words, the

-/: obvious conclusion would be that the Soviets would never employ the dominated approach.

so there is no need to study cases which target more than fourteen warheads against each

HML.)

2. The weapon laydown pattern is also selected based on the relationship of the radius

* -. of the circle within which the HML must be located (called the radius of uncertainty, or

RU) to the lethal radius (RL) Of each warhead. RU depends on the speed of the HML and the

amount of time it travels without being observed. RL depends on the weapon yield and its

height of burst. (See Figure 12.)

The subroutine begins by determining the radius of uncertainty. This is the radius

within which the attacking warheads "know" the HML must be located (based on their last

intelligence update and their knowledge of the HML's speed capabilities) It is assumed

that this radius (RU) is determined prior to the ICBMs' launch using the intelligence/

retargeting cycle time as a basis for computing RU. Cycle time is used based on the

assumption that the shorter the cycle time capability, the greater the number of updates

that will be obtained during the ICBMs' flight. This, in turn, implies that the HML will

have less time to move (unobserved) between the warheads' last update and detonation.

Therefore, a shorter cycle time implies a shorter radius of uncertainty.

To determine a formula for computing RU. the model was temporarily modified to do

nothing but generate random HML locations based on various cycle times. This modified

model was run for each integral cycle time from one to thirty minutes. Two hundred

repetitions of the model were run for each cycle time. The generated locations were
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'i Figure 12 : M'aximum H*1L Area of UncertaintUj vs. Lethal Radius of I M'egaton W'eapon.

- [ then examined, and it was determined that in all cases, at least 98% of the generated

locations fell with a radius equal to 85% of the product of the cycle time and the maximum

'.1 speed of the HLML. In the computer program. cycle time (in minutes) is represented by the

variable CYCLE. The maximum speed of the HML is in miles per hour and is represented by

the variable MAXMPH is divided by 60 to convert miles per hour to miles per minute.)

The subroutine then determines the value of the variable NUMR VS. which represents

the number of re-entry vehicles (RVs) that are attacking each HML. Based on this

number, the program flow is directed to the section of the subroutine which computes the

weapon laydown pattern for that number of RVs. (The "weapon laydown pattern" will also

be referred to as the "targeting pattern" throughout this discussion. ) Examples of the

targeting patterns will be described later in this section. First, however, is a general

explanation of how the targeting patterns were designed.

* Design of the targeting patterns is based on a comparison of the lethal radius of the
~weapons to the area of uncertainty which is being attacked. The objective in designing

the targeting patterns is. of course, to blanket the maximum possible portion of the area of
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uncertainty with a lethal amount of overpressure from the explosion of the warheads

The larger the area covered by lethal overpressure. the smaller the probability of the

HML surviving the attack. Since the area of uncertainty increases in direct proportion to

the square of the warheads' intelligence/retargeting cycle time (see Figure 13). the ratio

of lethal radius to radius of uncertainty (RL/RU) will also change with changing cycle

times The targeting patterns will change accordingly

#'60

. . ....f 870 0 . .... .. .. . . .. . :... .. .. . ... ... :.. .. . .. . .. .. ... : ... . . .. . . .. .. . : .. . ... . . . ... . .. . . .. . . . ...

6 0." .. ............: .............. ..............:: ....... ....... ..... ........ . ....... . . .

5 0 0 .............. ........... . ...... ......

4 0 ... . .. . . . .. . . . .. . . .. . . . .. . . . .. .

3 0 0 .o .............. : ..... ........ .............. .. .. .. . .. .... .. .. .... ..

S- 2 0 ..... . .... ....... ............. ........ ...... ... .. ........ .... ....... ....

:1 0 .o ... .. ...... ... .... ....... ... .. .... .. .:... .. ..... ... . !. ...... .... .. ....... .....10

5 0 5 10 15 20 25 30

Cycle Time (Minutes)

Figure 13: Cycle Time vs. Area of Uncerlaitj

To begin the design of the targeting patterns, it must first be recognized that for any

number of warheads there are three basic cases to be examined:

I Case I: RU is less than RL. This is the trivial case In this case. all warheads are

aimed at the center of the uncertainty circle. (See Figure 14.)

2. Case 2. RU is larger than RL. but is still small enough that there is no possible way

to lay down the weapons without having their lethal areas either overlap or extend

outside the area of uncertainty (See Figure 15.)
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. Figure 14. Case 1 Occurs When R R L and All Warheads are Aimed it the Center.

Figure 15 Cast 2 Occurs When R R L with Overlapping Lethal Areas.

3. Case 3: RU is larger than RL. and the targeting pattern can be arranged so that

none of the varheads' lethal circles overlap nor extend outside the area of uncertainty.

(See Figure 16.)

As previously mentioned. Case I is trivial. All weapons will be aimed at the center of

the uncertainty circle. Since the lethal radius of each of the warheads is greater than the
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*Figure 16: Case 3 Occurs When RU.>; R.. and There is NO Overlap of the Lethal Areas.

radius of uncertainty, a direct hit of any of the warheads at, the DGZ vill insure that, the

* UML receives a lethal amount of overpressure.

As previously mentioned. Case I is trivial. All weapons will be aimed at the center of

the uncertainty circle. Since the lethal radius of each of the warheads is greater than the

radius of uncertainty, a direct hit by any of the warheads at the DGZ will insure that the

HML receives a lethal amount of overpressure.

Case 3. while not exactly trivial, does present, a relatively simple targeting problem (at

least conceptually). Since Ru is sufficiently larger thin RL that, there need be no overlap

between the warheads' lethal areas, and none of the lethal areas need extend outside of the

uncertainty circle, any targeting pattern that meets these two criteria (no overlap, no

extension outside the uncertainty circle) is an effective pattern.

Case 2, however, is not as simple. Since some overlap or extension outside the

uncertainty circle is required in this case, the pattern must be designed to minimize these.

The pattern must also minimize "open areas," or areas within the uncertainty circle

which are not covered with lethal overpressure (se Figure 13).

* Since the targeting pattern is more critical for Cas 2, the basic targeting pattern is
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designed around Case 2. First, however, a method must be devised to determine when Case

2 applies. This method will be based on the relationship between R L and R u. as R u

increases in size (with increasing cycle Limes).

It has already been established that when Ru is less than RL. Case I applies. As Ru

increases, it eventually becomes greater than RL. and Case 2 applies. Thus, the lower limit

of Case 2 occurs when Ru - RL As Ru continues to increase, the relationship between Ru

and RL eventually reaches the point where no overlap is necessary and Case 3 applies.

The relationship that marks the transition from Case 2 to Case 3 must be determined. In

doing so, a basic targeting pattern will be established.

Establishing the basic targeting pattern is a process based on common sense and trial

and error. First, it must be recognized that the objective of the targeting pattern is to

maximize the efficiency with which the area of uncertainty can be attacked. This is

accomplished by maximizing the ratio of the lethal area of the warheads (AL) to the

uncertainty area (Au) that is being attacked. (Note that AL is equal to the lethal area of

the individual warheads multiplied by the number of warheads.) In order words, the most

efficient targeting pattern is the one that creates the largest value of the ratio AL/Au.

This implies a pattern with the warheads'lethal area circles packed together in the

densest arrangement possible with a minimal amount of lethal area wasted due to overlap.

This is where the common sense / trial and error procedure begins. First. (for a given

number of warheads) common sense is used to select any possible laydown patterns that

7- might reasonably be expected to produce optimal results. Figure 17 illustrates four

* . possible examples for the four warhead case. To select the most efficient, the smallest

possible uncertainty circle is drawn around each of the possibilities. In each case. AL is

equal to four multiplied by the individual lethal areas (which are all assumed to be equal).
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So the four total lethal areas are also equal. Thus. to determine the greatest value of the

ratio AL/Au. the pattern which permits the smallest value of Au must be selected. The

areas. Au. are, of course, determined by the formula, AU - TRU 2. so the circle with the

smallest radius, Ru. will determine the targeting pattern.

Using elements of both geometry and trigonometry, the radii can be compared and the

circle with the smallest radius selected. Hence, the targeting pattern is determined. In

the example case (four warheads), it is pattern "b" (Figure 17).

a. b.

r . d.

Figure 17 Four Possible Lat/down Patterns for Four Warheads.

This procedure has also determined the reLationship between RL and Ru that delimits

Case 2 from Case 3 In the example, when RU is less than (1 - 2) - RL. Case 2 applies. i.e..

there will be some overlap among the lethal areas. When RU is greater than (I - 1-2) * RL,

Case 3 applies, i.e., there will be no overlap

Targeting patterns across the range of possible relationshipts between RL and Ru are

still not completely determined. It is apparent that for Case 1. Ru < RL , all weapons will be

U'.

38

[ logo



N.

'C.

aimed a the center of the uncertainty circle. For Case 3. Ru > Q -if) RL (in the four

warhead example), the targeting pattern is not critical as long as the lethal areas are not

allowed to overlap. However, when the relationship beLween RL and RU is such that

RL < RU < (0 1 -1'2) 'RL. Case 2 applies and the exact targeting pauern is critical.

However, the pattern may change within the limits of Case 2. In the four warhead

example. Case Z can be further divided into Cases Zaand 2b (see Figure 18). Case Zaapplies

when RL i RU i 2 * RL In this case, the weapons are targeted in the same basic

arrangement with their aimpoints exactly one lethal radius from the center of the

uncertainty circle. Note that there is (unavoidably) both overlap and portions of the

lethal circles extending outside of the uncertainty circle.

© ©Cast I Cast 2a

Cast 2b Cast 30

Figure IS: Range of Optimal Targeting Patterns for Four Warheads.

As Ru increases with increasing cycle times, it will eventually become as large as

2 - RL When it increases beyond this size, there is no longer any extension beyond the

edge of the uncertainty circle. However, the lethal circles must be rearranged to fill in
I..
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(as much as possible) any open areas around the circumference of the uncertainty circle.

This will, however, create a smaller open area in the center of the uncertainty circle.

Thus. in Case 2b. when 2 -RL < RU ! ( - /2) - RL (still considering the four warhead

example), the warheads are targeted in essentially the same arrangement, however their

aimpoints will now be located a distance equal to Ru - RL from the center of the

uncertainty circle. This will minimize the uncovered area near the circumference of the

circle.

Cases 1. 2a. 2b. and 3 completely span the set of possible relationships between RL and

RU. Likewise. in the four warhead example. the targeting patterns designed for the

various cases comprise the entire set of targeting patterns for the four warhead case In

cases of other than four warheads, a similar trial and error procedure was used to

determine the targeting patterns. Examples of these patterns for cases of two, five, ten.

and fourteen warheads per HML are illustrated in Appendix F. (The one warhead case is

not included, since it is the trivial case. i.e.. no pattern is necessary -- the warhead is

always aimed at the best known location of the HML.)

Calculating Miss Distance Based on Circular Error Probable (CEP)
4

Although each warhead is targeted for a specific aimpoint, the chances of it

detonating precisely at that location are very slim -- theoretically zero. Rather, there is a

finite probability that it may detonate at any given distance from the aimpoint.

Atmospheric perturbations (most notably wind) combined with idiosyncracies in the

ICBM's guidance and control systems can cause the re-entry vehicle (RV) to deviate from

its intended trajectory and consequently miss its aimpoint.

'. A circular normal distribution was chosen to model warhead aiming errors 15, A-241

The formula for the circular normal probability density function is given in Equation 4.1.

40



V'.

With a circular normal distribution as a model, the probability of the warhead

detonating within a given distance of the aimpoint is solely a function of the radial

distance from the aimpoint. in other words, there is no angular dependence. In the real

world, range errors (those in the direction of the warhead's flight) are generally greater

than deflection errors (those perpendicular to the direction of flight). The primary

reason for assuming a circular normal aiming error is that it greatly simplifies the

mathematics involved, yet it gives reasonably accurate results. [5, A-241

The shape of this distribution (see Figure 19) shows that the probability of detonating

at a given radius from the aimpoint first rises from zero to a maximum, then decays toward

zero again at very great distances from the aimpoint. Intuitively, the shape of this curve

--* appears to make good sense. One would expect it to be relatively unlikely for the warhead

to detonate (in general) either very close to or very far from the aimpoint. Instead, it

would seem more probable that the warhead would detonate over a range of distances,

somewhere between the two extremes.

If Equation 4.1 is integrated from zero to any value, r, corresponding to a radius from

the aimpoint, the result will be the cumulative probability of the warhead detonating

anywhere within that radius. The function. f(r), resulting from that integration is

referred to as the cumulative distribution function (CDF). The CDF for the circular normal

function is given in Equation 42.

F(r) I - e" ,.I -
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The circular error probable (CEP) of the weapon is defined as the radius. r, at which

the CDF takes on the value .5. This is equivalent to saying that if a large number of

warheads is fired at the aimpoint, fifty percent of them should detonate inside a circle of

radius - CEP, centered on the aimpoint. As the value of r increases from zero to infinity,

the OF (reflecting the cumulative probability) increases from zero to one. For any value

between zero and one, there corresponds a unique radius for which Equation 4.2 holds

true. This can be treated as a miss distance -- the distance by which the warhead misses its

intended aimpoint.

4- L

-r - EF
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The procedure for generating random miss distances in the model first involves
-S

- drawing a random number between zero and one. This number represents a cumulative

probability value. Then, Equation 42 is solved for r, and the result is Equation 4.3.

4.'

.P EP n. n -
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The value equation 4.3 takes on is consequently a randomly selected miss distance

based on a circular normal distribution. Once a random miss distance is calculated, it is

* possible to choose the actual location of the detonation relative to the warhead's aimpoint.

Since the circular normal distribution is independent of direction, a random direction

between 0 and 2Tr radians is selected. The simulated location of the detonation will be the

point in the randomly selected direction at a distance equal to the calculated random miss

distance. Having the point of detonation and the actual location of the HML at the time of

detonation, damage due to overpressure can be calculated.

M-
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V Model Section 3. Damage Calculations

Overview

The primary measure of effectiveness in this study is probability of kill (P.), or. more

specifically, the probability of killing an HML with a given number of attacking ICBMs.

Probability of kill calculations are accomplished as follows:

1. The location of each of the bursts and the location of the HML at the time of

detonation were calculated in the previous section of the model.

2. Using these locations, the model measures the distance between the HML and each

of the bursts. This is accomplished in a subroutine called "Ground.695." which was

provided as course material for AFIT course NE.695. "Nuclear Survivability of

Systems" [ 171. The next section of this chapter is a detailed description of that

subroutine.

3. Given these distances, the amount of overpressure incident on the HML from each

burst is computed. (This is also accomplished in "Ground.695." See the next section

of this chapter.)

4. The probability the HML is destroyed by each burst (P.) is calculated. This is

accomplished in a subroutine called "Damage.695." This subroutine was also

provided as course material for NE.695 [171 . The subroutine is described in detail

later in this chapter.

5 The probability the HML survives each burst (PS individual ) is calculated using the

formula, PS individual ' 1 - PI individual

. 6. The product of the individual probabilities of survival is calculated to determine an

overall PS. (denoted PS overall) -- the probability that the HML survives all the

p.,.
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bursts, or PS overall "(the product of all the PS individuals)

7 The cumulative P from all the bursts is computed using the formula,

PK overall - soveralI

As previously mentioned, most of the calculations necessary to compute PK individual

are performed in subroutines "Ground.693" and "Damage.693." Descriptions of those

subroutines follow:

Calculating the Incident Overpressure

Given the location of each burst and the location of the HML at the time of detonation

" (which were computed in the previous 'sec Lion of the model), the program calls a

subroutine called "Ground.695." (This subroutine was provided as course material for use

in AFIT course NE.695. 1171) Ground.693 calculates the peak overpressure experienced by

the HML (from each burst).

)Ground.693 begins by computing the "scaled" ground range from the HML to the burst

and the "scaled" height of burst. Scaling is accomplished by applying established scaling

relationships to the actual ground range and height of burst. (The scaling relationships

are included in The Effects of Nuclear Weapons by Glasstone and Dolan. [9. 100- 1031)

Scaling these values allows data based on standardized values of height of burst and

weapon yield to be transformed into data for any particular combination of actual height

of burst and yield. Conversely, data from non-standardized cases can be scaled to the

reference case." (The standardized data is generally called the "reference case." The

common nuclear effects reference case is the set of data that applies to a one kiloton

detonation at sea level.) The net effect is that this set of standardized data can be used to

study the effects of nuclear bursts of any size and at any altitude

Peak overpressure can be computed in the reference case using a set of curves (often
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called the "knee curves" because of their shape). which are based on empirical data from

nuclear weapon tests. The "knee curves" are from Glasstone and Dolan [9, 1131.

Because of the irregular shape of the knee curves, it is impossible to represent them

in closed mathematical form with a single equation. So they have been divided into

a, several sections. and each section is described mathematically by a separate equation.

Ground.695 uses these equations to approximate the knee curves. Once the scaled ground

range and height of burst are computed, the appropriate equation is selected and the peak

overpressure is calculated. This value is used in subroutine 'Damage.693" to calculate the

*, damage level inflicted on the HML.

Computing the Probability of Kill

Once the peak overpressure incident on the HML is known (see the previous section of

this chapter), a subroutine called "Damge.695" is called to calculate the probability of kill

based on this peak overpressure. (Damage.693 was provided as course material in AFIT

course NE.695. [171 )

Damage.693 uses a cumulative log normal damage function to calculate the probability

of kill. The log normal function is used in situations where the logarithm of a random

*- variable is believed to follow a normal distribution (3,1601 Physically, the log normal

density function resembles that of the normal density function except it rises to its peak

more rapidly and falls from it more gradually. The log normal is frequently used in

reliability engineering to model failures 114. 1891. Accordingly, it is appropriate to use

this distribution to model the "failure" of the HML as a result of being exposed to nuclear

blast overpressures.

The cumulative distribution function (CDF) for the log normal is illustrated in

Figure 20 . As shown in the figure, two parameters are needed to completely specify a

unique log normal distribution. These parameters can be determined by establishing any
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two points on the curve as reference points. The two points used in Damage.695

correspond to the "sure-safe" and "sure-kill" intensity levels (ISS and ISK). Sure-safe is

defined as that intensity of peak overpressure that would result in only a 2% chance of

killing the HML. Sure-kill is defined as that intensity level that would result in a 98%

chance of killing the HML (again, refer to Figure 20).
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The sure-safe and sure-kill levels are user inputs to the model. Their net effect is to

determine the slope of the cumulative log normal damage function. The further they are

apart, the more gradual the slope of the OF will be, implying that there is a large range

of overpressures over which the HML can survive. The closer they are together, the

- .steeper the slope will be. In the limiting case, sure-safe equals sure-kill, and the damage

function becomes a "cookie cutter" This means, quite simply, that if the HML experiences

a peak overpressure less than the specified level, it will survive (probability of kill - 0); if

it receives more overpressure than the specified amount, it will be destroyed (PK . I).

In general, the OF of a probability distribution is determined by integrating the

probability density function (pdf) over the appropriate range. However. the integral of

do 47

.",.



9),.

the log normal pdf cannot be calculated in closed form. Rather than integrating by a

numerical technique, a substitution is made which transforms the integral representing

the cumulative log normal distribution function into one which is identical to the

cumulative normal distribution function. This can be reasonably well approximated by a

pair of closed form algebraic equations, thus eliminating the need to perform a difficult

numerical integration. Damage.693 uses these equations to determine the probability of

kill. The primary reason for using this approach is that it permits faster computer run

times without sacrificing significant accuracy.

Damage.695 computes the PK individual of the HML resulting from each of the bursts.

Upon return to the main program, the PK individuals are converted to PS individuals using

' the formula. PS individual - I - PK individual The product of all the PS individuals is

cAlculated to determine the P5 overall- Then the PK overall is calculated using the formula,

Povrall IoPSovrall

.4
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VT. Model Verification and Validation

Detailed verification and validation of the computer model began during model

construction as essential parts of the modeling process. They continued after the model

was complete, during the analysis of the model's outputs. Both verification and validation

were performed using general guidance and several specific techniques from

Discrete-Event System Simulation by Banks and Carson and Simulation Modeling and

Analysis by Law and Kelton.

Verification

'4 According to Banks and Carson. "Verification refers to the comparison of the

conceptual model to the computer code that implements that conception. It asks the

questions: Is the model implemented correctly in the computer code? Are the input

parameters and logical structure of the model correctly represented in the code?" [2. 376]

Several techniques are suggested in the two previously mentioned texts.

I. Both Banks & Carson and Law & Kelton suggest having more than one person

check the computer code as an aid to verification 'since the person who writes a

particular subprogram may get into a mental rut and thus not be a good evaluator

of its correctness" [15. 334). (This is sometimes referred to as 'egoless coding'

[16, 1841 .) The authors of this thesis performed systematic checks of each other's

coding throughout the model construction process. Thus every line of original

computer code was checked by someone other than the programmer. Additionally.

several subroutines in the model are derived from subroutines used in an Air Force

Institute of Technology nuclear survivability course, NE 6.95. These subroutines

have been verified by repeated use in that course.

2. In Banks and Carson. it is suggested that flow diagrams be made 12. 3791 Detailed
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flow diagrams were constructed and are included in Appendices B through E

3 It is suggested in Law and Kelton that the computer program be "debugged" in

modules or subprograms 113. 3341 This procedure was carefully adhered to in the

verification process of the model used in this thesis. The modules verified and the

procedures used to verify them are as follows:

a. The optimal height of burst subroutine was separated from the model and

debugged as a module. This subroutine has as inputs the maximum speed of

the HML and the intelligence retargeting cycle time currently under

examination. It uses these to compute the maximum distance the HML can

travel within one cycle. and based on this distance it computes an optimal

height of burst. The subroutine is based on the peak overpressure "knee

"p.. curves' from Glasstone and Dolan [9,113). Several equations are used in the

5' subroutine to algebraically approximate the knee curves, which are a set of

continuous curves. To verify the accuracy of the subroutine, values of the

* input variables across the entire reasonable range were selected. These

values were used to compute optimal height of burst both by hand using the

knee curves in Glasstone and by running them through the subroutine.

The results were then compared. In all trial cases, the differences were

virtually negligible.

b. The section of the model that computes HML movement times was removed

from the model and tested as a separate module. (For a detailed description

of the operation of this section of the model and for a definition of the

variables used, see Chapter ill of this report.) This section was tested by

hand. It was run 100 times. Each time, the value of the variables TIMMl.

TIMM2 FLTTIM. DMfEC!. and SETUP were displayed. They were then checked

to insure that FLTfTM was equal to the sum of the other four variables. This

proved true in all cases, so this module was considered verified.
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*c. The random movement subroutine was verified as a separate module Given

a length of time as an input, this subroutine simulates the random

movement of the HML for that length of time. It is assumed that the HML

moves in such a random fashion so that its location at the end of the Lime

period is totally unpredictable. (Simulating the HML's dispersal tactics this

way was suggested by the Ballistic Missile Office's Hardened Mobile Basing

Branch [7] ). A detailed explanation of the process used in this subroutine is

included in Chapter V of this report. The desired outcome of the subroutine

4-. is a set of coordinates, (X.Y), representing a point that was selected totally at

, random from the set of all possible points, thus insuring that the HML's

location will be totally unpredictable. Viewed another way, if the

subroutine were run many times with the same input parameters, there

would be no observable pattern in the output results. This is precisely the

procedure used to verify the subroutine. It was run 100 times using an

input time of thirty minutes (to approximate an ICBM's flight time), and the

output points were plotted on a graph (see Figure 21). The distribution of

the points on the graph was evaluated by inspection. No unusual

groupings of points or other obvious patterns were noticed, so the
0 '

Sdistribution was considered sufficiently random, and the subroutine was

considered verified. (The circle on the graph represents the limit of the

HML's travel. It is calculated by multiplying the HML's maximum speed in

miles per minute by 30 minutes. Thus. a further verifying check was to

insure that all 100 points fell within the circle.)

d. The subroutine that calculates the HML's speed on a given leg of its

,1'. movement was tested as a separate module. The subroutine selects speeds

based on a triangular distribution with the HML's minimum and maximum

speeds as the limiting ends of the distribution, and the most likely speed as
..
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Figtre 2 1: Verification o( Rmdom Movement Stutire.

the modal value of the distribution. In the base case of the model, the

minimum speed was set at 12 miles per hour, the maximum at 38 miles per

hour. and the most likely speed was set at 30 miles per hour. Using these

values, the subroutine was run 100 times, thus generating 100 random
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speeds. A frequency histogram was plotted and evaluated by inspection to

insure that it was, in fact, roughly triangular in shape with its modal value

near 30 miles per hour. The results appeared reasonably close to the

desired distribution (see figure 22). so this module was considered verified.

:fH I 1 - D,.io o

e. The miss distance routine was verified as a separate module. This

subroutine selects a miss distance for the incoming warheads based on the

ICBM's circular error probable (CEP). The subroutine uses a circular

normal distribution to compute the miss distance. Verification was

accomplished in a manner similar to 3-d. above. The subroutine was run

100 times and a frequency histogram was constructed from the results. It

was examined to insure the histogram approximated a normal distribution

with a mean - CEP. Upon examination, the distribution was determined to be

.4.. sufficiently accurate, so it was considered verified.

f. The warhead targeting subroutine was also checked as a separate module.

This subroutine determines effective targeting patterns depending on the

*- 
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number of' warheads aimed at each 1IML and also depending on the size of

the region that must be attacked. This region is circular and represents an

1area of uncertainty" within which the HML must be located. Since the

HML's exact location within this region is unknown, the region must be

barraged as thoroughly as possible by the attacking warheads. ( This

subroutine is examined in greater detail in Chapter IV of this report.) The

subroutine was painstakingly checked by hand throughout the appropriate

range of input parameters to insure its performance was as expected. The

results were satisfactory, and the subroutine was considered verified.

g. As mentioned, the subroutines used to compute the damage levels inflicted

on the HML were derived from subroutines used in AFIT course NE.695.

Thus, they were considered to have been previously verified.

4. After the model has been divided into modules, and the modules have been

individually verified, the model must be reassembled and verified as a unit to

insure that the modules interact properly. A technique for verifying the entire

model is suggested by Banks and Carson. "Closely examine the model output for

reasonableness under a variety of settings of the input parameters" 12. 3791 This

technique amounts to a form of "sensitivity analysis." This type of analysis was

performed on the model using one further technique, this one suggested by Law

and Kelton. "The model should, when possible. be run under simplifying

assumptions for which the model's true characteristics are known or can easily be

computed" f 13. 3331. Using both of these guidelines, the entire model was

examined. The procedure was as follows:

a. All variables in the model whose values are normally determined through

some random process were set equal to constant values. The value selected,

if possible. represented the expected value of the variable (or a "most

likely" value).
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1) HML speed was set equal to 30 miles per hour.

2) The "sure-safe and "sure-kill" hardness levels of the HML were set to
.d.

simulate the HML being hardened to 30 psi of overpressure.

3) ICBM flight time was set at 30 minutes.

4) Height of burst was set at 5200 feet.

3) CEP was set at 0 (thus miss distance was also set at 0).

6) Weapon yield was set at 1000 kilotons.

b. Each of theses variables was then varied through extreme values (one

.9 variable at a time, while the others were held constant at the indicated

values), and the effect on the output of the model was observed for

intelligence / retargeting cycle times of five. ten, and fifteen minutes. The

results of these checks were:

1) The model was run with the HML's speed equal to 3 miles per hour

and 100 miles per hour. A notable decrease in PK was observed (as

expc :ted). It was therefore concluded that the model reacts

properly to changes in HML speed.

2) The model was run using HML hardness levels of I psi and 100 psi.

Again, a decrease in PK was observed, indicating that the model

reacts properly to variations in HML hardness.

3) The model was tested using ICBM flight times of 26 and 34 minutes

No significant variations in the model's outputs were observed.

4) Height of burst was varied through 1000 foot intervals from 0 to

10.000 feet. There were no obvious trends by which to verify the

model's results However, it was observed that the maximum PK

values "across the board" occurred for a height or burst of 3000 feet

This result was compared with values from the "knee curves" in
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Glasstone and Dolan [9. 1131. It was seen that with a one megaton

weapon, the 30 psi knee curve produces its maximum ground range

with a height of burst (after scaling) of approximately 5200 feet. In

other words, given a target that is hardened against 30 psi of

overpressure and given a I megaton weapon, the lethal radius of

that weapon against that target will be at a maximum when the

weapon is detonated at an altitude of 5200 feet. (The lethal radius in

this case is approximately 6400 feet. or about 1.2 miles.) Thus, the

observation that PK values in the test runs of the model were

highest for a height of burst of 5000 feet is the expected result

according to the knee curves. This result was regarded as sufficient

to verify that the model reacts properly to the effects of changes in

*the height of burst.

3) CEP was varied from 0 to 1000 meters. The result, as expected, was a

noticeable reduction in PK Thus, it was verified that the model

reacts properly to changes in CEP

6) Weapon yield was varied from 10 kilotons to 10,000 kilotons. As

expected, there was a noticeable increase in PK' and it was concluded

that the model responds properly to changes in weapon yield

The overall conclusion from these tests of the model's sensitivity is that the

individual modules in the model work properly together.

5 One further suggestion in Banks and Carson to assist in verifying the model is to

make the computer code as self-documenting as possible" (2. 379] The fully

documented program is contained in Appendix A. Additional detailed descriptions

of the model and definitions of the variables appear in Chapters II through V of

this report.
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6 Finally, in Computer Principles of Modeling and Simulation by Lewis and Smith,

the authors state that, "since testing falls short of being exhaustive, we can never

be sure that the program is truly correct" [ 16. 188] However, they also suggest

that common sense is a good "last resort" approach to the verification process. and

that common sense should be used throughout the process of analyzing simulation

output.

Validation

Validation of this particular model is a much more difficult undertaking than was

verification. Validation of the model, according to Banks and Carson. "is the overall

process of comparing the model and its behavior to the real system and its behavior-

[2. 3931. Therein lies the difficulty, since the primary system being studied by this thesis,

the HML exists in prototype form only, and the threat system being studied is purely

hypothetical. Thus, no "real-world" " exists, per se. for either system. However.

validation can be accomplished to some degree by using the best available information to

approximate the two systems and their interactions.

In Banks and Carson. a three-step validation process is suggested.

'I. Build a model that has high face validity.

2. Validate model assumptions.

3 Compare the model input-output transformations to corresponding

input-output transformations for the read system- [2. 384-3831

Creating and maintaining a high face validity was a primary concern during model

construction. The main time sequence upon which the model is based, is a simulation of

the time of flight of the threat ICBM (see Figure 23) This sequence was actually modeled

in greater detail than vas strictly necessary, primarily to maintain the high face validity

of the model. For example, in the sequence illustrated in Figure 23. the critical time can
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be identified as the time from the attacking warheads' last update until the Lime when the

HML stops moving and begins assuming its hardened configuration. This is a critical time

period, because it is during this time that the HML will be able to move without being

observed by the incoming system. The further the HML can move during this time, the

greater its probability of survival. Thus, it is conceivable that the entire problem could

have been solved by parametrically examining this time interval alone. However, it was

decided to model the entire flight sequence of the attacking ICBM, because the user of the

model can easily visualize how this critical time period is determined and how it fits into

the flight time sequence of the attacking ICBM. Standing on its own, the exact physical

interpretation of this time period could be a source of confusion. Strictly speaking, then.

the model may be slightly more complex than is necessary. However, the additional

complexity increases the model's face value, and is thus beneficial in the long run.

The second step suggested by Banks and Carson is to validate model assumptions This.

again, is somewhat difficult to accomplish in this case, since model assumptions are based

on one hypothetical system and one system that, to date, exists in prototype form only

However, in modeling these systems, every attempt was made to base assumptions on

factors that could be justified by existing technology or by reasonable, documented

projections of future technology. For example. the model allows the CEP of the threat

system to assume any value However, this study assumed the threat system to have a very

low CEP' (ten meters) This may seem unreasonably low However, this assumption is based
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on projected AMARV technology and is taken directly from a 1982 AFIT Masters Degree

thesis by Captain Paul Auclair. Thus, it is considered validated. All model assumptions are

validated in a similar manner The validation of each model assumption will not be

discussed here. However, the source of each assumption is stated in this report when the

assumption is made, hence the validity of each assumption can be examined.

The third suggestion in Banks and Carson, to compare model vs. real-world

input-output transformations, is again difficult since real-world systems do not actually

* exist. "A necessary condition for the validation of input-output transformations is that

some version of the system under study exists, so that system data under at least one set of

input conditions can be collected to compare to model predictions" [2, 3971 This is a

difficult condition to fulfill in this case. However, one method to circumvent this

difficulty is suggested by an operating instruction (01) issued by Headquarters Air Force.

Center for Studies and Analyses. It is stated in this 01 that in each study a preliminary

analysis should be performed. There are several stated goals to this preliminary analysis.

one of which is "to have a 'yardstick' against which to test the results of more in-depth

analysis" 113. SI Thus, in the absence of real-world data, this preliminary analysis can

provide a first order approximation of realistic data to compare to the output results of the

model. This technique was used in this study A preliminary estimate was made of the

expected model results under various input conditions. The model was run and output was

examined to insure that predicted trends were, in fact, being adhered to While predicted

results and actual results were not precisely the same in all cases, the predicted trends

were as expected. Thus, the model's input-output transformations are considered to be

valid.

The validation process of the model, using the three-step process suggested by Banks

and Carson was completed as described. The validity of the model is therefore considered

sufficient to instill confidence in its results.
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VII Base Case Analysis

Input Parameters for the Base Case Analysis

Where appropriate, the values of input parameters for the base case analysis were

chosen to coincide with those used in a study conducted by the Ballistic Missile Office

(BMO). This approach allows a comparison of the results of this thesis with the results of

the BMO study (It should be noted that the BMO study was quite preliminary and the

results are by no means final [7]. However, they provide at least a good first order

approximation for comparison purposes.) The next two sections of this chapter discuss

various key input parameters and how the appropriate values were determined.

HML Characteristics

The HML's speed is modeled using a triangular probability distribution (for a more

detailed description, refer to Chapter IV). A triangular distribution is characterized by

three parameters, the maximum value, the minimum value, and the modal value. In the

computer model, the triangular distribution's maximum value is set equal to the HML's

maximum speed. This value represents the HML's speed on relatively smooth terrain. In

, - the base case, this speed is 38 miles per hour. The distribution's minimum value is set

equal to the HML's minimum speed. This represents the HML's speed over rough terrain.

In the base case, it is 12 miles per hour. The value at the mode of the distribution is set

"C' equal to the HMLs most likely speed over the range of terrains it will encounter during its

dispersal. This speed is 30 miles per hour. (These speeds were suggested by BMO (71)

In the base case, the HML is assumed to be hardened to withstand peak overpressures

of up to 30 psi. This value was also suggested by BMO (71. BMO also suggested using a

"cookie cutter" approach to model HML hardness. This means, quite simply, that if the

HML experiences a peak overpressure of less than 30 psi, it will survive (PK -0). If it
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receives 30 psi or more, it will be destroyed (PK I)

The actual damage function used in the model is based on a log normal probability

distribution, which is explicitly characterized by two parameters, the HML's sure-safe and

sure-kill intensity levels. (This damage function is described in detail in Chapter V ) To

reduce this damage function to the desired "cookie cutter" function, the sure-safe and

sure-kill levels must be quite close together. In the base case, to model a cookie cutter

damage function (centered around a 30 psi overpressure intensity level), sure-safe was

set at 29 9 psi and sure-kill was set at 30.1 psi.

The HML requires a certain amount of time to be transformed from its mobile mode

into its hardened configuration. It was assumed that the HML requires two minutes to

accomplish this. This figure was suggested by BMO (71.

Launch detection time was assumed to be 1.5 minutes. This figure comes from a

Brookings Institute study [20, 461 . Launch detection time is the amount of time required

to alert the HML that an atack is underway.

Threat Characteristics

The yield of the attacking warheads in the base case analysis was one megaton (MT).

again suggested by BMO (7]. This figure can be viewed as a very rough approximation of

the capability of a Soviet SS- 18 warhead.

The circular error probable (CEP) of an SS- 18 is probably on the order of hundreds of

meters. In this thesis, however, the threat weapon system was assumed to have a much

smaller CEP. In fact, a CEP of ten meters was used. The decision to model a smaller CEP was

based on projected advanced maneuverable re-entry vehicle (AMARV) technology One

type of AMARV, the "accuracy" AMARV. uses enhanced maneuverability to improve its

accuracy, thus reducing C2EP to near zero levels (1,51. Since the threat weapon system

modeled in this study is hypothetical and based on potential technological advances, it was

decided to include AMARV technology as one of the technological improvements.

%61

; '' "" ', -"" " " ' ."-" - "-'.."-2 -;" -"." -2 -'""" ; ." :.".. '.. .:- .''." " "'" "= . . . . . -" . "-" . ""0-



A static height of burst of 3200 feet (approximately 1383 meters) was used in the base

case of this study. This value was selected from the overpressure "knee curves" in

Glassone and Dolan t9, 1131. These curves indicate the optimal height of burst for any

combination of ground range and incident overpressure. In this case, the object is to

maximize the ground range over which a peak overpressure of 30 psi or greater can be

achieved. This is accomplished by finding the point on the 30 psi curve that yields the

greatest range, then determining the corresponding height of burst (after scaling). It

was determined that the maximum ground range to achieve 30 psi with a one megaton

weapon is 6400 feet (approximately 1.2 miles). corresponding with a 3200 foot height of

burst.

Flight time of the ICBM was modeled as a uniform random variable between 26 and 34

minutes (thus, the mean is 30 minutes).- This distribution approximates a range of values

taken from a graph in Long Range Ballistic Missiles by Burgess (6. 193] (Note that

depressed trajectories vere not considered.)

Analytical Approach

The purpose of this study is to determine the effectiveness of targeting individual

0 HMLs as compared with the current baseline scenario, the barrage attack. As previously

stated, the primary measure of effectiveness (MOE) is the probability of kill (PK of the

HML when auacuked by the hypothesized threat. Of particular interest is how the HMLs P

is effected by changes in the threat system's intelligence / retargeting capability. Since

it is assumed that the threat system has the capability to locate the HML and retarget at

regular intervals (cycles) during its flight, cycle times from one to thirty minutes (in one

minute intervals) were examined. (Thirty minutes was selected as the upper limit since

an ICBMs flight time is approximately thirty minutes. Thus, if the cycle time were longer

than thirty minutes, the last update would necessarily be obtained prior to launch.)
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BMOs study (again, note thai this refers to a preliminary study, and the results are

therefore quite approximate) indicated that given the proposed number of HMLs (500) and

the proposed total land area Of the HML bases (approximately 16,000 square miles), a

barrage attack would require at least fourteen warheads per HML (approximately) to

achieve a. 9 PK across the entire HML force 171. That is precisely why the HML is

considered a viable weapon system -- it is assumed that the Soviets will not be willing (or

able) to expend that many warheads against such low value targets (recall. the SICBM will

carry only one warhead). An interesting question. then, is whether the hypothetical

threat system in this thesis is able to "out perform" the barrage attack. i.e. achieve a 9 P

with an expenditure of less than fourteen warheads per HML. To examine this question.

the number of attacking warheads (per HML) was varied from one to fourteen. Numbers

greater than fourteen were not examined since the barrage attack is more effective and

less expensive (since it requires no new technology) than these. Thus, for cases of more

than fourteen warheads per HML the barrage attack is clearly the dominant choice.

Results

The model was run for all combinations of cycle Lime and numbers of warheads The

results were then compiled and curves were plotted on a series of graphs. Each curve

represents a given number of warheads. Each vertical axis represents the PK. while the

horizontal axis represents increasing cycle times. After examining the graphs. it was

decided that presentation of the results would be better facilitated if four cases were

selected to represent the entire set of results. This allows all four curves to be plotted on

* the same graph, making a direct comparison possible (if all fourteen curves were plotted

on the same graph, the results would be difficult to read and therefore quite confusing.)

The one, five, ten, and fourteen warhead cases were selected to represent the entire set
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These four curves adequately span the entire set. and the basic shapes of the curves are

similar enough to allow easy interpolation of PKvalues from the intermediate curves

The results for the base case are illustrated in Figure 24.
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extreme case of fourteen warheads per HML, no better than a 2 PKcan be achieved with

cycle times greater than fifteen minutes.

In all cases, for a given cycle time, the greater the number of attacking warheads, the

greater the resulting PK will be. There are, however, diminishing returns as the cycle

time increases. At a five minute cycle ime, for example. one warhead will produce a PKOf

only 048, while fourteen warheads will yield a .99 PKFor a ten minute cycle Lime, the P

for one warhead drops by 039 to .01. while for fourteen warheads, it drops by 54 to a PKOf

45. This PK for fourteen warheads is still clearly superior to that for one warhead (as

expected). but the difference is not as large as it was for a five minute cycle time. Similar

comparisons can be made for other combinations of warheads and cycle imes, and the

results are generally the same. Larger numbers of warheads will always produce greater

P~,but their marginal superiority decreases as the cycle time increases.

The study performed by BMO focused on the number of warheads (per HML) necessary

to achieve a PK Of .9.- In the base case of this study, to achieve a 9 PKwith one warhead,

the cycle time must be approximately 2.3 minutes or less. By increasing the number of

warheads to five, the range of cycle Limes that will achieve a .9 or greater PK is expanded

out to 3.5 minutes. For ten warheads it is further expanded to 4.7 minutes. and for the

limiting case of fourteen warheads, a Pof .9 or greater can be achieved with cycle times

of 6.2 minutes or less.

The spacing of the one, five, ten, and fourteen warhead curves across the .9 PKline1. indicates that there is a relatively constant rate of reduction in the number of required

rd 6 2 minutes. the number of warheads required to achieve a 9 PKis reduced by
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approximately 3.23.

A similar result is true for a PKOf 5 The cycle times required to achieve a 5 PK

extend from 3.2 minutes with one warhead to 9.6 minutes with fourteen warheads. Thus.

for each minute the cycle time is reduced from 9.6 minutes. the number of warheads

* required to achieve a PKOf .5 decreases by approximately 2.

There are two primary conclusions to be drawn from the results of the base case first

and foremost, unless it is assumed that the Soviets can develop a system capable of cycle

times less than approximately six minutes. this is not a viable attack scenario. If the

threat system requires more than six minutes to complete an intelligence / retargeting

cycle, it will require more than fourteen warheads per HML to achieve a PKOf 9- In this

case, the barrage attack is a more cost efficient scenario.

* Secondly, for cycle times less than ten minutes, PK becomes very sensitive to even

small changes in cycle time. This implies that if such a threat were developed, it would

have to be extremely reliable. For example. if the threat consisted of one warhead with a

cycle Lime of two minutes. the PK would be .995 (refer to Table 1). If a problem developed

during the flight of the ICBM resulting in a one minute increase in the effective cycle

time, the expected PK would drop dramatically to .554. The sensitivity of Pr to cycle time

decreases slightly as the number of warheads increases. However, even the fourteen

warhead case is quite sensitive, thereby requiring a highly reliable system to make this a

feasible threat.

Additional Observations

Two interesting questions arise from a careful analysis of the base case results:
1. Why do the PK curves drop off so steeply?

LV 
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2 Why can a barrage attack achieve a PK of 9 with an expenditure of

(approximately) fourteen warheads per HML. yet in this study. which models a

phenomenal improvement in technology, fourteen warheads will only produce

a PK of .9 or greater with cycle times less than approximately 6.2 minutes?

Quick. "back-of-the-envelope" calculations can provide answers to both questions.

The steep downward slope of the PK curves is caused by the nature of the attack. From

the point of view of the attacking warheads, there is some amount of uncertainty

regarding the exact location of the HML at the time of detonation. This uncertainty is a

result of the fact that the HML was still moving when the warheads received their last

update. The distance the HML moved between the warheads' last update and detonation, of

course, is proportional to the amount of time between the last update and when the HML

stopped to assume its hardened configuration. This amount of time, in turn, is related to

the warheads' cycle time. The longer the cycle time, the less updates the warheads will

receive during the flight, hence, the longer the time between the last update and

detonation.

Because of the uncertainty regarding the HML's location, the warheads are not

actually attacking a point target. They are attacking a circular area of uncertainty which

is centered on the HML's last known location. The radius of this circle is computed by the

formula .83 * (maximum speed of the HML in miles per hour) * cycle time / 60. (For an

explanation of this formula, refer to Chapter IV, in the section titled. "Determining

Weapon Laydown Patterns.") In the base case, the maximum speed of the HML is 38 miles

per hour, so this formula reduces to (0.538* cycle time). The area of the circle is

calculated by the formula T1 ' (0538' cycle time) 2 -0.909 , (cycle time) 2 The object of

the attack is to barrage this area of uncertainty as thoroughly as possible, Thus all

incoming warheads are detonated within this circle. This leads to a very rough

"back-of-the-envelope" method for explaining the steep slope of the curves
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Since each of the warheads has a lethal radius associated with It, a lethal area can be

computed for each warhead. In the base case, a one megaton weapon has a lethal radius of

approximately 1.2 miles against an HML hardened to 30 psi. Thus, the lethal area is found

by the formula, T1 (1.2)2. or 1.44 TY. The total lethal area is related to the lethal area of

each warhead multiplied by the number of warheads. However, for small cycle times, this

will overestimate the actual total lethal area, since there will be overlap of the individual

lethal circles. Whether there is overlap or not, a rough estimate of the PKcan be made

using the formula. (total lethal area) / (area of uncertainty). or. in equivalent form,

(tota lethal area) / (-909'* (cycle time)2 ) So. as cycle time increases PKdecreases as the

reciprocal of the square of the cycle time. Thus, the steep curve makes sense. Also, the

eventual leveling off of the slope makes sense, since for very large cycle times, the value

Of PK begins asymptotically approaching zero.

The answer co the second question of interest can be found by examining the focus of

this study. Since this methodology is designed to analyze the results of' an attack on a

single HML the effects of attacks on neighboring HMLs is ignored. Again, "back-of-the-

envelope" calculations can provide a reasonable estimate of the magnitude of these

* neighboring effects.

If it is assumed that approximately 300 HMLs are to be dispersed over a land area of

approximately 16.000 square miles. then, on the average, there will be one IIML located on

every 32 square miles of land area. In this thesis, the land area associated with each HML

is the area of uncertainty which must be attacked by the incoming warheads. This area

varies with cycle time (using the formula given above). This area can be quite a bit

larger than 32 squar e miles For example, when the cycle time is 30 minutes, the area of

uncertainty is approximately 819 square miles If it is assumed that the HMLs are

uniformly distributed over the 16.000 square mile land area, and there is one HML on

every 32 square miles of land, then the expected number of HMLs on 919 square miles is
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approximately 23.6. Using this number and the base case results for the fourteen warhead

case, a rough estimate of the effect of neighboring attacks can be calculated and compared

with the barrage attack results.

In the fourteen warhead case, the PK for a cycle time of 30 minutes was .08 Another

way of viewing this is that the probability of survival (PS of a single HML is equal to

HI - K), or 92. To evaluate the effects of neighboring attacks on each HML. assume that

23.6 HMLs are located in each uncertainty circle, and therefore each HML will be

sublected to overpressure effects from 25.6 neighboring attacks Thus, the total PS for

each HML will be the product of the individual PSs from each of the 25 6 attacks, or

(92)25.6 - 12 Then, the overall PK- I - PS . 98. This is very close to the 9 Presult of a

barrage attack. When similar calculations are performed for other cycle times (within

the fourteen warhead case), the results in every case are quite close to PK"

A variation of this method can be used to further validate the results of this study.

first, note that the discrepancy between the results of this study and the barrage attack

results occur when the cycle time is large enough to create an area of uncertainty greater

than 32 square miles. When this condition exists, the study overlooks the effects of

neighboring attacks, and the corresponding PK is lower than the barrage attack PKOf 9

When the area of uncertainty is less than 32 square miles, there is no need to account for

neighboring attacks, and the results of this study need no adjustment. Thus, if an area of

uncertainty equal to 32 square miles is considered, and the cycle time required to establish

this area is calculated, one would expect the cycle time to correspond to the point where

the fourteen warhead PKcurve from this study crosses the horizontal 9 PKline on the

graph (corresponding to the PKof a barrage attack)

Calculating backwards from 32 square miles. the radius of uncertainty is determined to



be 3 19 miles. Using the formula, Radius -( 83) (cycle time) (38!/ 60). the cycle time is

determined to be approximately 3.9 minutes. Considering the rough nature of the

calculations, this is very close to the value obtained from the graph, which Is

approximately 6.2 minutes.

More detailed analysis of these two additional questions are among the recommended

areas for further research (see Chapter IX).
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VIII. Variations to the Base Case

To determine the robustness of the results of this study (and to examine some very

likely system improvements), several variations of the base case yere studied. The

variations fell into two general categories: variations in the HML's characteristics and

variations regarding the threat system.

Variations in the HML's Characteristics

The two unique characteristics that make the HML a very survivable system are, of

course, its hardness and mobility. It is, therefore, important to determine how changes in

these two chamcteristics effect system survivability. Thus. the HML's speed and hardness

were varied (individually and simultaneously). and the effects on PK were calculated.

Variations in W& Speed

The base cae values of the HML's speed (ranging from 12 to 3$ miles per hour) and its

overpressure hardness (30 psi) were suggested by BMO [7]. Thus. the values in the base

case are assumed to be nominal values for comparison purposes. However, personnel at

BO's Hardened Mobile Basing Branch indicated that full-scale prototypes of the HML are

currently being tested for mobility, and preliminary indications are that the HML will be

faster and more maneuverable over all types of terrain than was originally expected 171.

Early estimates are that the H]lL can achieve a speed of 15 miles per hour on rough

terrain (as opposed to 12 in the base case). Over smooth terrain, or on hard surfaces, the

HML can probably be expected to travel at speeds up to 60 miles per hour (vs. 38 mph in

the bae ca s). The most likely speed of the HML over all types of terrain has

correspondingly increased from 30 to 35 miles per hour.

The model was run for this improved range of speeds and compared with the base case
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results. As a control, the effect of reducing the HML's speed capability was also examined.

The reduced range of speeds used was: minimum speed - 9 miles per hour. maximimum

speed - 33 miles per hour. and most likely speed (over all types of terrain) - 25 miles per

hour. (These speed are each five miles per hour less than their base case counterparts.)

The model was run for the one. five. ten, and fourteen warhead cases. The results are

shown in Figures 25.26.27. and 28.

Examining the PK values on the graphs, it is apparent that for a given number of

warheads. PK is only moderately sensitive to changes in the HML's speed. For example, in

the five warhead case (see Figure 26). with the base case set of speeds. a .9 PK can be

achieved with a cycle time of approximately 3.5 minutes. If the HML's speeds are

improved to the designated levels, a .9 PK can still be achieved with only a one minute

improvement in ICBM cycle time. (Actually. this only appears to be rather small. In

reality, since this is a hypothetical system, there is no way of determining hov costly a

29% improvement in cycle time capability from 3.5 minutes to 2.3 minutes might be. Thus.

the effect of increased HML speed may be quite significant.)

As the number of warheads increases, the spread between the base case and the varied

speed curves increases, but not drastically. For example, with fourteen warheads in the

base case, a .9 PK can be achieved with a 6.3 minute cycle time capability, while the

improved HML speeds require a cycle time of 4.1 minutes or less, a 22 minute difference

4,,, "(35%) as opposed to I minute with 3 warheads.

Initially. this seems to imply that variations in the speed capabilities of the HML are

U relatively unimportant. However. if cycle time is held constant (implying. perhaps, that

Soviet technology has reached its limit), the implied result is significantly different. For

example, if it is assumed that the current Soviet state of the art allows a cycle time of five

minutes, then a .9 PK can be achieved with just over ten warheads (say. eleven). If the
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speed of the HML is increased and cycle time is hold constant. the best PK that can be

achieved is .67. and that is with fourteen warheads.

The effect of increased HML speed can be seen easily from the graphs. However, the

*. implications of these results depend largely on possible increases in Soviet technology.

Variations in HML Hardness

In the base case. the HML was assumed to be hardened against 30 psi of overpressure.

This figure was provided by BMO. However, they also asserted that the HML could

probably be hardened to approximately 50 psi at low cost and with very little detrimental

effect to the speed and maneuverability characteristics of the system. Thus, it was

suggested that sensitivity analysis be performed on the HIL's hardness by examining the

effects of increasing the hardness level to 50 psi (71.

Since system hardness is somewhat more difficult to estimate than characteristics such

as speed (since speed is easily field testable, and hardness to nuclear effects is not), it vas

decided that a study of the effects of a reduction in hardness vould also be of interest in

order to bracket the sensitivity analysis around the base case. In this vay. the

appropriate information will be available if it is subsequently discovered that the HIML's

hardness levels are lower than predicted.

These changes in hardness vere examined individually. (A detailed description of how

hardness is modeled is included in Chapter V of this report. Note. hovever, that a "cookie

cutter" approach is used in the variation studies, as it vas in the 30 psi base case.) The

model was run for both variations, keeping the values of all other variables, including

speed, at their base case levels. The results are shown in Figures 29. 30.31. and 32.

Interpretation of the results leads to virtually the same conclusions that were drawn

vhen the HML's speed was varied. For a given number of varheads. PK is only moderately

sensitive to changes in the HML's hardness.
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The curves illustrating the changes in hardness are remarkably similar to those for

changing speed. At first glance. they are almost identical. Even under closer scrutiny.

they are very similar. For example, in the five varhead case. it was shown previously that

with an increase in speed, the cycle time required to achieve a .9 PKdecreases from 3.5 to

2.5 minutes (or 29%). This is also true vhen hardness is increased from 30 to 50 psi. The

change in PKis virtually identical. It was also shown previously that in the fourteen

warhead case. as speed is increased, the cycle time required to achieve a .9 PK . decreases

from 6.3 to 4.1 minutes (or 35%). This is identical to the change in required cycle time

when hardness is increased from 30 to 50 psi.

Reduction in hardness resulted in moderate increases in PK. Again, the effect was

large enough to be noticeable, yet it indicated only moderate HMlL sensitivity to changes

in system hardness.

It appears that varying the IWRs hardness has a similar degree of impact on Pr as

varying its speed capability from the base case levels to the specified sensitivity analysis

levels. It is therefore interesting to examine the effects of increasing both speed and

hardness simultaneously.

Improvements in Both Speed and Hardness

The computer program was modified to simulate simultaneous increases in speed and

hardness. It was then run, and the results are displayed in Figures 33.34.35, and 36.

(Combinations involving decreased capabilities were not examined.)

The curves are basically the same shape as the curves generated when each parameter

was varied individually. However, the decrease in PK in all cases is greater than the

* decrease when speed and hardness were varied individually. This was, of course. expected.

The relative amount of decrease is what is interesting in this analysis. Prior to running
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the model, it could be imagined that the effect of varying both parameters vould be

roughly a the sum of the two individual effects or possibly some multiplicative

combination of the individual effects. Upon examination of the results, it is apparent that

neither expected result is precisely true, but the former is a closer approximation than

the latter. The actual results indicate that the combined effect is slightly less than a

simple sum of the individual effects. This can be illustrated by examining the same

examples that vere used in the previous sections.

For the five varhead case. individually increasing speed and hardness caused a one

minute reduction (or a 291 reduction from the base case cycle time of 3.5 minutes) in the

required cycle time to achieve a.9 PK .When both parameters are varied, to achieve a PK

of .9. the cycle time must be 2.1 minutes or less, a reduction of 1.4 minutes (40%).

In the fourteen warhead cae, individually increasing speed and hardness caused a 22

minute reduction (from 6.3 to 4.1 minutes. or 35% ) in the required cycle time to achieve a

•9 PK •When both parameters are varied, to achievea Pa of .9. the cycle time must be 3

minutes or less, a reduction of 3.3 minutes (or 52%).

While the results of the sensitivity analysis indicate that the HML is only moderately

sensitive to changes in its speed and hardness capabilities, the overall implications of

these results are not crystal clear. Neither individual improvements nor combined

improvements produce radical reductions in PK- In fact. the results can be countered by

small improvements in Soviet cycle time capability (3.3 minutes in the vorst case). Note

that these improvements represent fairly large percentage changes (from 29% to 52%).

Thus. they may be technologically difficult for the Soviets to achieve. As previously

mentioned, since there is so little sensitivity to changes in HML speed and hardness, any

decisions to make such improvements must be made in light of other factors, most notably.

the Soviets ability to improve their cycle time capabilty and the cost of doing so.
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Variations Reaarding Threat System Performance

Two major variations regarding the threat system performance were examined. First,

the effects of increasing the threat ICBM system's CEP was examined, and then the possible

effects of fratricide among the detonating warheads was examined.

Effects of Increased Circular Error Probable (CEP)

One of the major assumptions in the base case was that the attacking varheads would

be maneuverable re-entry vehicles (AMARVs). At least in theory, this could produce

near zero CEPs and. thus. very small miss distances 11.5). To simulate this. a CEP value of

ten meters was used in the base case. Since this is such an extremely low value, it was

decided to examine the effect on PK if the threat weapon system was assumed to have a CEP

more closely approximating today's technology. Thus, the model was run using a CEP of

500 meters. The results are shown in Figures 37,38.39, and 40.

Essentially. this study indicates thaCEP is not an important factor. The curves for 500

meter CEPs closely follow the base case curves. The maor difference is a slight increase

in the erratic nature of the curves when CP is increased. This is due to the added measure

of randomness in the Monte Carlo simulation The fact that CI is of such small

importance can be explained by the nature of circular error probable. A weapon system's

CEP is a statistical method used to approximate its miss distance given a single shot.

However, in a Monte Carlo simulation such as this, the effects of CEP are averaged over

many shots. Since misses occur in all directions, when the effects of many shots are

combined, the misses begin to offset each other, and the expected value approaches zero.

The conclusion to be drawn from the study of increased CEP is that the effect of CEP is

not significant in a study such as this. That is not to say that the CEP of the attacking ICBM

system will have no effect on the outcome of any given encounter. It will. However,

since there will likely be 500 HMLs, the effects of the ICBM system's CP will be effectively

averaged over 500 cases, and the expected value of the miss distance will be nearly zero.
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The Effects of Fraricide

9 Another are of concern in this study is the effect of fratricide on the attacking

warheads. Fratricide is the degradation or disabling of one's own nuclear weapons

resulting from the effects of prior friendly detonations. Fratricide becomes a potential

factor whenever nuclear warheads are detonated relatively close together. (This is

precisely why "closely spaced basing.* or "dense pack." was proposed as a basing mode for

the Peacekeeper missile system.) In this study, at small cycle times, the warheads are

-relatively close together when they are detonated. Thus. fratricide is a potential factor.

The base case model was modified to calculate the effects of fratricide on the results of this

study.

For low altitude bursts, there are two primary fratricide kill mechanisms, neutrons

and dust clouds. Of the two mechanisms, neutron fluence is more important to our study.

Neutrons produced by previous bursts can cause fratricide by "dudding" or completely

disabling nearby warheads which have not yet detonated. Since these neutrons travel at

speeds approaching the speed of light, the bursts of a closely spaced targeting pattern

must occur essentially simultaneously in order to escape neutron fratricide. However, it is

very difficult -- essentially impossible -- to fuze closely spaced detonations with sufficient

accuracy to avoid the effects of neutrons from neighboring bursts.

Secondly, clouds of dust and debris resulting from previous bursts can wear away a

warhead's ablative nose tip and heat shield. This process occurs over a much longer

,.- period of time than neutron effects, and consequently the timing of bursts is much less
9%

critical. Generally, if the bursts are within a matter of seconds of each other, dust effects

will be minimal. Since it is possible to achieve burst timing accuracy on the order of tens

of milliseconds. dust fratricide was ignored.

Timing, then, is a critical factor in determining whether or not fratricide may affect a

sequence of nuclear explosions. It is currently possible to fuze warheads accurately
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enough to avoid the effects of dus an zderi. however. itis not posbeto isrml

enough time intervals betveen bursts to avoid neutron effects. Thus. it was determined

that the effects of fratricide by neutrons should be assessed.

The computer program vas modified to calculate the effects of fratricide due to

neutron fluen ce. (The additional computer code is included in Appendix G.I The

algorithm used to compute neutron fratricide effects is as follows:

1. Determine the order of the detonations by randomly assigning each warhead of

the targeting pattern a relative (ordinal) time of burst. The times will range

from one to the number of warheads in the pattern. One is assigned to the first

warhead to detonate, two is assigned to the next. etc., until the last warhead to

detonate is assigned a time equal to the number of warheads in the

pattern. Ordering the detonations is an important step since a warhead can

only be damaged by fratricide from previous detonations.

2. For each warhead:

a. Determine the number of detonations which precede the detonation of

the warhead under consideration. This is simply equal to the warhead's

ordinal burst time minus one.

b. Calculate the range from each prior burst to the warhead under

consideration.

c. Based on these ranges. the height of burst, and the yield of the

warheads, calculate the neutron fluence incident on the warhead under

consideration from each of the prior bursts. (Neutron fluence is

measured in neutrons per square centimeter.)

d. Using the cumulative log normal damage function, compute the

probability that each of the prior bursts killed the warhead under

consideration. The sure-safe and sure-kill intensity levels which are

used as parameters to explicitly define the log normal damage function,
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are set equal to 1014 and 1016 neutrons per square centimeter.

respectively 19. 350 - 3531. (The log normal damage fUnction is

described in detail in Chapter V of this report.)

e. Calculate the probability that the warhead under consideration survives

afl prior bursts. Since the neutron effects from each of the prior bursts

can be considered independent. the probability that the warhead

survives them all is equal to the product of the individual probabilities.

f. Calculate the probability that the warhead under consideration kills the

HML with overpressure. In order for it to do so. it must have survived

the fratricide effects from previous neighboring bursts. Consequently.

the probability the HML is killed by the warhead under consideration is

equal to the probability the warhead kills it with overpressure

multiplied by the probability the warhead has survived fratricide

effects.

g. Repeat Steps&a. through f. for each warhead in the targeting pattern.

3. Finally. the overall probability that the HML survives the overpressure from

the entire attack is equal to the product of the probabilities that it survives

each individual burst. Then. the overall probability of kill is equal to one

minus the overall probability of survival.

Neutron fratricide effects, as previously explained, are only significant when two or

more warheads are detonated fairly close to each other. In the attack scenario modeled in

this study, the distance between bursts is ultimately determined by the relationship

between the 'ame of uncertainty' that is being attacked and the lethal area of the

warhead. (Weapon laydown patterns are discussed in detail in Chapter IV of this report.)

Given a small area of uncertainty. the weapon laydown pattern will be quite dense. i.e.. a

small distance between the bursts. With a larger area of uncertainty, the corresponding
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veapon laydown pattern will ho more spread out. i.e.. a greater distance between bursts.

The are of uncertainty is based on the intelligence / retargeting cycle time of the

attacking ICBM system -- the shorter the cycle, the smiller the distance between the

. . bursts. Thus. it is expected that fratricide effects would be most significant for smailer

cycle times and large numbers of warheads. since this combination produces the densest

weapon laydown patterns.

This expected resmitwas confirmed in this study. As in the previous analyses. the five.

ten. and fourteen warhead cases were examined. (The one warhead case was not studied

since fratricide is not a factor in a one warhead attack.) It was determined that fratricide

effects were essentiaily limited to case with cycle times of less than four minutes. When

the cycle time is greater than four minutes. the weapon laydown patterns guarantee

sufficient separation between bursts to preclude fratricide effects.

When cycle times less than four minutes were examined, the results were somewhat

surprising. While fratricide did occur as expected, it had a negligible effect on the PCof

the HML. Further analysis determined the reason for this. Then the cycle time is less

than four minutes, some percentage of the attacking warheads will be destroyed by

fratricide. However, when cycle times are small, the are of uncertainty that is being

attacked is also smal,. therefore fewer warheads are required to completely blanket it with

Sd lethal amounts of overpressure. As cycle time decreases from four minutes the increase

in fratricide kills is very nearly matched by the decrease in warheads necesry to

barrage the are of uncertainty. The net result, then, is to nullify the effect of fratricide

on the PKof the HAML. It is therefore concluded that fratricide need not be considered

when analyzing an attack of this nature.



IX. Observations / Recommendations

Primay Observations

1. The most significant observation to be made from this thesis is that the hardened

mobile launcher system appears to be extremely survivable with respect to the

hypothesized threat system. The starting point for this thesis was the BMO baseline

which indicates that approximately fourteen warheads per HML are required to

achieve a .9 PK with a barrage attack (given 500 HM and 16.000 square miles of

land area). The results of this thesis show that an incredibly advanced technology

is required to reduce the number of warheads necessary to achieve a .9 PK. For

example. a .9 PK can be achieved with tan warheads if a system can be developed

with the capability of completing an intelligence / retargeting cycle every 4.7

minutes (or less). Likewise, the number of warheads necessary can be reduced to

five per HMl. if the cycle time can be reduced to 3.3 minutes. To reduce the

exchange ratio to one warhead per DMI.. a cycle time of 2.3 minutes or better must

be achieved. Even to achieve a P[ of .5 with less thin fourteen warheads per HML.

a cycle time of 9.6 minutes or better is required.

2. The PK of the HML depends greatly on the land area of its dispersal base(s). This

can be shown by comparing the results of this study to the BMO baseline results.

Their results indicate that a .9 PK can be achieved if the Soviets barrage attack the

HML bases with approximately fourteen warheads per DML.. This figure assumes

that 500 HMs are dispersed over a 16,000 square mile land am. The results of this

thesis are that, even with fourteen warheads. a .9 Pr cannot be achieved with cycle
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times greater thin approximately 62 minutes. The discrepancy is caused by the

fact that the BD0 study is constrained by the 16.000 mile land area. while this

thesis, since it examines only one HMIL at a time, essentially assumes unlimited land

area. The PK curves and some rough. "back-of-the-envelope" calculations can be

used to demonstrate ho land ae and PK re related. Suppose it is assumed that

the Soviets may be villing after all to expend fourteen warheads per HML. The

current BMO baseline indicates they could achieve a .9 PK . Suppose nov that U.S.

strategic planners vish to reduce that PK to .I by increasing the size of the

dispersal ar. The fourtese varbed PK curve shows a .I PK at a cycle time of

approximately 28 minutes. The ae of uncertainty associated with a 28 minute

cycle time can be calculated using the formula. Area - TIR2. where R is the radius

of uncertainty. R can be computed using the formula. R - (.35 * cycle time max

speed of the HML) / 60. (This formula is discussed in Chapter IV of this report.)

Assuming the MLs maximum speed to be 38 miles per hour. the ara of

uncertainty is approximately 714 square miles. With a force of 500 HMis. the total

ara to be attacked is 500 714 - 336.893 square miles. (This is roughly ten percent

of the total land ara of the United States, which is not entirely unreasonable.

since dispersal on the interstate highway system was once considered as a possible

dispersal tactic for the HIL.) Thus, the PK can be reduced from .9 to .1 by

increasing the dispersal ar from 16.000 to 356.893 square miles.

3. HML survivability is moderately sensitive to improvements in its speed and

hardness capability.

a. The base case study modeled the Hil's speed with a triangular probability

distribution. The parameters of the distribution were the HML's minimum
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speed. its most likely speed. and its maximum speed. The values of these

parameters in the base case were 12. 30. and 38 miles per hour.

respectively. Sensitivity analysis vas performed by increasing the values

of these parameters to 15. 35. and 60 miles per hour, respectively. This

produced measureable reductions in PKacross the entire threat range.

However. no clear implication can be made from these reductions in PK . To

illustrate this, observe in Figure 24 that the Soviets can achieve a&.9 PK by

.1 expending five varheads (per HML) vith a 3.5 minute cycle capability. If it

is assumed that 3.5 minutes is a technological limit, then 'with increased

IL speed, the P[ falls drastically to 24. Initially. this appears to be a very

.5 significant improvement. However. if the cycle time of the threat 'weapon

44 system can be reduced by approximately one minute, the PK climbs back to

the .9 level. Thus, in determining the cost effectiveness of improvements

in DMEL speed characteristics, the technological constraints of the threat

'weapon system must be known vith great accuracy.

b. The base case modeled HM1. hardness at 30 psi. Sensitivity analysis vas

performed by increasing hardness to 50 psi. The result 'was a decrease in

PK virtully identical to that exhibited 'when sensitivity analysis 'was

4. performed on the HMLs speed (item 03.. above). Thus, the same

.4. conclusions regarding the cost effectiveness of such an improvement can

be drawn.

c. Then speed and hardness 'were increased simultaneously to the levels in

items 3.9. and b.. above, a greater decrease in PK occurred (as expected).

The size of the decrease is slightly less than the sum of the individual

decreases 'when speed and hardness 'were varied separately.
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Secondah- Observation

Fratricide effects resulting from neutron fluence need not be considered vhen

studying an attack of this type. While fratricide effects are experienced by the Attacking

warheads (for small cycle times), the net effect of fratricide on PK is negligible.

Suniestions for Future Research

I. It was shown in Chapter VII. that since this study simulates an attack on a single HML.

the potentially destructive effects from neighboring aUacks are not considered. A

rough method to account for these effects was discussed. However. a more detailed

examination of the interactions between neighboring attacks would provide more

realistic PK values for the larger cycle tims. Such a study might also detect

synergistic effects between neighboring acks that might affect (and even improve)

PK values across the range of threat capabilites.

2. It was determined in the course of this study that the period of time between the

ICBM's last update and when the HML stops its random movement is a critical period of

time. The distance the HML moves during this time has a direct bearing on its

survivability. It may therefore be possible to design a model based on this time period

alone that vill provide essentially the same results with faster computer run times. It

is therefore recommended that anyone who wishes to pursue this problem, first

explore the possibility of creating a more efficient, yet equally effective computer

model.

Recommend-ions

The HML is an extremely survivable system, both against today's threat and against the

* future threat hypothesized in this thesis. Its survivability against today's threat vas
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recently assessed by Senator Albert Gore. Jr.. in an article in Arms Control Today:

If Midgetman is deployed in hardened mobile launchers (built to withstand
blast pressures of 30 pounds per square inch) on just four existing military
bases, the Soviet Union would have to attack with about one-half its present
ICBM throv-veight to destroy the system, even if the launchers do not respond
to the impending Soviet attack. If the launchers do respond by dispersing to an
even larger area, then within 15 minutes the price to attack will approach all
Soviet heavy ICBMs. And if the launchers run for 20 to 25 minutes. the price
then reaches out towards the combined throw-veight of the entire Soviet
inventory of ballistic missiles, both land and sea based. 110.15)

The HlLs survivability against an advanced hypothetical threat weapon system was

examined at length in this thesis. It was found to be extremely survivable against all but

the most sophisticated configurations of the hypothesized threat.

It is the opinions of the authors of this thesis that the HiL's survivability should allow

strategic planners to feel a sense of confidence in the system's ability to ride out a Soviet

first strike. However. this confidence should not become complacence. The very fact that

the HlML appears to be so survivable will probably make research into methods of

*. defeating the HML a high priority in Soviet military research. Thus. improvements in the

Soviets' ability to counter strategic relocatable targets (SRTs) must be carefully monitored.

and the appropriate actions must be taken by U.S. strategic planners to insure that HiL

survivability remains high.

Observations 2 and 3 of this study (above) provide some guidance in the directions that

should be taken to maintain high HiL survivability levels. Observation 2 states that a

large land area is critical for high survivability, while observation 3 states that

technological improvements to the HML's characteristics (specifically speed and

hardness) have a somewhat smaller effect on overall system survivability. The effects

from increased technological capabilities are also somewhat more difficult to measure and

depend to some extent in our ability to measure advances in Soviet technology.

Therefore. it is recommended that:

I. Advances in Soviet anti-SRT technology be closely monitored.

2. Contigency plans be made nov to expand the land area on which the HLs are
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based, if and vhen it becomes necessary to respond to an advancement in

Soviet technology.

3. Improvements in HML technology should be viewed as a secondary method of

improving system survivability, and should be undertaken only if the

current Soviet technology is very veil understood. The cost effectiveness of

improved lEL characteristics must be evaluated in light of the Soviets ability

to respond to the advances.

I
.q
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Appendix A: Computer Code Listing

I 1 REM Program to calculate probability of kill against Hardened
2 REM Mobile Launcher when attacked by retargetable ICBMs.
3 REM
4 REM Uritten by Capt Scott F. Morrow and Lt David J. Gearhart
5 REM for an AFIT Masters Degree thesis.

• 6 REM 14 February 1986
. 7 REM

8 REM Included are subroutines Ground.695 and Damage.695, which
9 REM were written by LtCol Larry McKee for AFIT course NE.695.
II REM
13 RANDO1IZE TIMER
14 BEEP
15 PRINT *Enter ISS (psi)*
20 INPUT ISS
25 PRINT 'Enter ISK (psi)'
30 INPUT ISK
31 REM
32 REM ISS and ISK are the sure safe and sure kill intensity levels
33 REM for computing damage due to overpressure.
34 REe
35 PRINT 'Enter Number of Attacking Warheads'
40 INPUT NLIRJS
45 PRINT 'Enter Yield in KT'
50 INPUT YIELD
55 PRINT 'Enter CEP in Meters'
56 INPUT CEP
57 PRINT *The program will compute an optimal height of burst'
58 PRINT 'based on weapon yield and range from target to burst.*
59 PRINT: PRINT 'However, for a 'cookie cutter' damage assessment'
60 PRINT 'a static height of burst might be preferred. The program'
61 PRINT *will allow this approach, too.': PRINT
62 PRINT *For optimal height of burst routine, enter I"
63 PRINT 'For static height of burst enter 0
64 INPUT STATIC
65 IF STATIC 0 0 THEN SOTO 68
66 PRINT "Enter height of burst in feet'
67 INPUT HOB
68 PRINT *Enter the Number of Trials'
69 INPUT TRIALS
70 REM ------------------------------------------------------------------------
75 REM
80 REM .-----------------------------------------------------------------------
02 REM
84 REM This section initializes the values of several variables
96 REM
88 REM
90 MINMPH - 12 aREi MINMPH is the 1IL's minimum speed.
100 MAXPH - 38 iREM MAXMPH is the HML's maximum speed.
110 MLIKMPH - 30 :REM MLIMPH is the HML's most likely speed.
II REM

120 SETUP - 2
125 REM SETUP is the amount of time the HML needs
126 REM to assume its hardened configuration.
127 REM
130 DETECT - 1.5 :REM DETECT is the launch detection time.
135 REM
200 DIM XRV (20): DIM YRV (20): DIM BURSTX (20): DIM BURSTY (20)
210 REM -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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300 REM
30 1 REM -----------------------------------------------------------------------
302 REM This section displays a heading for each run.
303 REM
304 REM
305 IF NUIMJS = I THEN 00 315
310 LPRINT: LPRINT NUMIS; " Warheads*: GOT0 317
315 LPRINT: LPRINT NUIJRVS; W arhead*
317 LPRINT TRIALS;* Repetitions*
320 LPRINT 'Yield ' ; YIELD
325 LPRINT "CEP - ; CEP
330 LPRINT *ISS -; ISS
335 LPRINT "ISK - ; ISK
339 LPRINT: LPRINT
340 IF STATIC 4) 0 THEN GOTO 351
341 HOB OB e .3048: 0HOB HOB: GOSUB 20100
343 REM
344 REM
345 REM -----------------------------------------------------------------------
346 REM This section computes values for variables TIMES and TIME2.
347 REM TIMEI is the mount of time the SIML moves from launch detection
348 REM until the attacking warheads' last valid update. TIME2 is the mount
349 REM of time the HlML moves from the last update until detonation.
350 REM
351 FOR CYCLE - I TO 30 : LPRINT:LPRINT *Cycle = ';CYCLE
352 TOTPK - 0
353 IF STATIC = 0 THEN GOTO 360
354 BOSUB 5000
355 HOB a SOHOB * (YIELD ' (I / 3)) * .3048: OHOB = HOB :REM .3048 converts feet to meters
356 REM
357 REM Subroutine 5000 computes scaled optimum height of burst (SOHOB).
358 REM SOHOB is then re-scaled to the actual height of burst (HOB).
359 REM
360 FOR COLNT = I TO TRIALS
380 RI - IND
390 FLTTIM - 26 + (RI # 8)
392 REM
394 REM FLTTIM is the ICBM's total time of flight.
396 REM
460 TTG - FLTTIM
462 REM
464 REM TTG is the time to go until detonation.
466 REM
470 R2 - 104D
480 UPDTIM - R2 a CYCLE
482 REM
484 REM UPDTIM here represents the time to the warheads' first update.
486 REM
490 IF UPDTIM TT THEN GOTO 550
500 TTG = TTG- UPDTIM
510 IF -YCLE ) TTG THEN GOTO 540
520 UPDTIM = CYCLE
524 REM
526 REM UPDTIM here represents the time to the NEXT update.
529 REM
530 GOTO 490
540 TTG = TTG + UPOTIM
550 TIMEI I FLTTIM - TTG - DETECT

554 REM
556 REr, TIMEI is the time from launch detection until the attacking
557 REM warheads receive their last valid intelligence/retargeting update.
558 REM
560 IF TIMEI ( 0 THEN TIMEI n 0
570 TIME2 - TTG - SETUP

574 REM
576 REM TIME2 is the time between the warheads' last update and the
577 REM time when the lML must stop moving.
578 REM
580 IF TIME2 ( 0 THEN TIME2 = 0
590 REM

%, 740 REM
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1 " 750 RE14 -----------------------------------------------------------------------
752 REM This section determines the attacking warheads' aimpoints and the
753 RE1t HML's location at detonation.
754 REM This section calls subroutine 3000. Sub 3000 generates random motion
755 REM of the fML 4or periods of time equal to TIME] and TIME2 to determine
756 REM weapon aimpoints and the WilL's final location.

757 REM This section also calls subroutine 7000. Sub 7000 computes a miss
758 REM distance based on the ICBM's CEP. Variables X2 and Y2 are the
759 REM X and Y coordinates of the miss distance.

760 REM
762 GOSUB 3000

765 FOR NUM = I TO NLIMRVS

766 REM

767 REM NUMRVS is the number of warheads attacking each HlL.
768 REM
770 GOSUB 7000
780 BURSTX (NUM) - ((XRV (NUMl) + XRV) 0 5280 * .3048) + X2

790 BURSTY (NIM) - ((YRV (NUM) 4 YR) . 5280 * .3048) 4 Y2
791 REM
792 REM BURSTX and BURSTY are the coordinates of the detonations.
793 REMl XRU and YRV are coordinates of the central aiming point -- the
794 REM point where the ICBM last saw the 1L.
795 REM XRV (NUM) and YRY (NUM) are offset aim points for cases when
796 REM more than one warhe;d is aimed at each WML.
797 REM X2 and Y2 represent aiming error.

798 REM (I 5280 * .3048) converts miles to meters.
799 REM

800 NEXT NUM
810 PX = XHWL * 5280 * .3048 :REM PX and PY are the HWL's coordinates
820 PY = YH1L * 5280 * .3048 :REM (in meters) at time of detonation.

830 REM -----------------------------------------------------------------------

931 REM

832 REM ----------------------------------------------------------------------
936 RB This section computes damage levels.
840 REM4 This section calls subroutines 8000 and 9000.
844 REM Sub 8000 (Ground.695) calculates the peak overpressure incident on the 4L.
848 REM Sub 9000 (Damage.695) translates the overpressure level into a

952 REM probability of damage (PO).
856 REM
860 TOTPS , 1
870 FOR BURST = I TO NIIIRYS
875 GZX - BURSTX (BURST) :REM GZX and GZY are the X and Y
880 GZY = BURSTY (BURST) :REM coordinates of the bursts.
890 GOSUB 8000

900 INTENS - OPT
910 GOSUB 9000

950 PS = I - PD

960 TOTPS = TOTPS * PS

970 NEXT BURST

975 PK " I - TOTPS
980 TOTPK TOTPK + PK

982 NEXT COUNT
984 AJGPK - TOTPK / TRIALS
985 PRINT: PRINT *Pk - "IAVGPK: PRINT

986 LPRINT 'Pk = *;AVGPK
987 LPRINT *HO8 = OHOB: LPRINT *Ru ; RU: LPRINT RL = ;RL
9BC NE T CYCLE
990 BEEP: BEEP: BEEP

991 END
.e 992 REM ------------------------- End of Main Routine ------------------------
,*

°
.4
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3000 REM
3005 RE..
3010 REM This subroutine determines the location of the RV's aimpoints
3020 REM and the location of the WL at time of detonation.
3030 REM

-!,.3040 REM
3060 XO 0 iR81 XO and YO are the X and Y coordinates

. 3070 YO - 0 : REI of the HWL's current location.
;.3080 IF TIMEI - 0 THENI 00"0 3110

i3090 TT5 -, TI"EI

3100 GOSUB 3800 :REM Subroutine 3800 generates random movement of the IML
3105 REM for an amount of time equal to TTG (time to go).
3110 XRV - XO
3120 YRV - YO
3121 REM
3122 REM XRV, YRV are the Mi.l's location when the attacking
3123 REMi warheads receive their last valid update.
3124 REM
3125 GOSUB 10000 :REM Sub 10000 computes aimpoints for multiple warheads.
3130 TTG = TIME2
3220 GOSUB 3800 :REM Subroutine 3800 generates random movement of the HML
3225 REM for an amount of time equal to TTG (time to go).
3226 REM
3230 XHWL = XO :RE XHIL and YHML are the HML's
3240 YHML = YO :RE coordinates when it stops moving.
3310 RETURN
3320 REM.---------------------------------------------------------------------
3330 REM
3800 RE- ----------------------------------------------------------------------
3910 REM This subroutine generates random movement of the MHL
3820 REM for a given amount of time (TTG). It does so by generating
3825 RErM a random point for the WIL to move toward.
3830 REM

- 3840 REM
3850 RIO = W'4D
3860 DIR = RIO a 2 a 3.14159

3670 RII = 'ID
3880 DIST - RII (tAXMPH / 60) a FLTTIM
3890 XI = DIST * COS (DIR)
3900 YI " DIST a SIN (DIR)
3910 X - XI - XO
3920 Y - YI - YO

3930 R = SOR ((x * 2) . (Y 2))
. 3940 IF XO XI AND YO ) YI THEN GOTO 4000

3950 IF XO = XI AND YO ) YI THEN GOTO 4000
3960 IF XO ( XI AND YO ) YI THEN GOTO 4000
3970 Z = X / R
3980 THETA = -ATN (Z / SOR (-Z a Z + 1)) + 1.5708

* 3990 GOTO 4020
4000 2 = X / R
4010 THETA - (2 * 3.14159) - (-ATN (Z / SOR (-Z a Z W I)) * 1.5708)
4020 GOSUB 5400
4024 REM
4025 REM Subroutine 5400 computes the HHL's speed
4026 REM based on a triangular distribution.
4027 REM
4070 IF R )= .iPH / 60) a TTG THEN 6070 4130
40t10 XO = Xl
4090 YO YI
4100 MOVT1M = (R M MPH) * 60
4110 TTG = TTG - MOUTIM
4120 GOTO 3850
413C , = TT(: * MP, 60
4140 X -R COS (THETA)
4150 Y = R 0 SIN (THETA)
4160 XO XO + X
4170 YO = YO Y
4190 RETURN
4185 REM.---------------------------------------------------------------------
4190 RE)
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5010 REM This subroutine determines scaled height of burst -SOfCE

5020 REM in feet based on the variables CYCLE and YIELD. Feet are

5030 REM converted to meters upon return to the calling routine.
5035 REM
5036 REM Variables:
5037 REM XGDRG = expected ground range 4ram target to burst
5038 REM SXGDRG = scaled expected ground range

5040 REM
5050 XGDRG = .5 * FiAXMPH C CYCLE * (5280 / 60)
5060 SXGDRG = XGDRG / (YIELD (1 / 3))
5070 IF SXGDRG )= 0 AND SXGDRG < 90 THEN SOHOB = (1 / 3) # SXGDRG: RETURN
5080 IF SXGDRG )= 90 PND SXGDRG < 120 THEN SOHOB = (2 / 3) * SXGDRG - 30: RETURN
5090 IF SXGDRG )= 120 AND SXGDRG ( 360 THEN SOHOB = (19 / 24) * SXGDRG - 45: RETURN

5100 IF SXGDRG )= 360 AND SXGDRG ( 490 THEN SOHOB = (14 / 13) * SXGDRG - (1920 / ,3): RETURN
5110 IF SXGDRG >= 490 A4D SXGDRG ( 640 THEN SOHOB = (14 / 15) * D(GDRG - (232 / 3): RETURN
5115 IF SXGDRG )= 640 AND SXGDRG < 920 THEN SOHOB = (5/ 14) a SXGDRG + (2040 / 7): RETURN

5120 IF SXGDRG ) 920 AND SXGDRG < 1200 THEN SOHOB = (1 / 7) * SXGDRG + (3420 / 7): RETURN

5130 IF SXGDRG ) 1200 AND SXGDRG < 1460 THEN SOHOB = (4 / 13) * SXGDRG + (3780 . 13): RETURN
5140 IF SXGDRG )= 1460 AND SXGDRG < 1690 THEN SOHOB = (14 / 23) * SXGDRG - (3420 / 23): RETURN
5150 IF SXGDRG = 1690 AND SXGDRG ( 2020 THEN SOHOB = (3 / 11) * SXGDRG * (4610 / 11): RETURN
5160 IF SXGDRG i= 2020 AND SXGDRG ( 2620 THEN SOHOB = (13 / 601 * SXGDRG # (1597 / 3): RETURN
5170 IF SXGDRG >= 2620 AND SXGDRG < 4180 THEN SOHOB = (-1 / 78) 6 SXGDRG + (88420 / 78): RETURN
5180 IF SXGDRG = 4180 ND SXGDRG ( 7020 THEN SOHOB = (13 / 71) * SXGDRG + (22340 / 71): RETURN

51 90 REM----------------------------------------------------------------------
5200 REM

5400 REM ----------------------------------------------------------------------
5421 REM This subroutine computes the HlL's speed (MPH). It is drawn
5422 REM from a triangular distribution with the HML's minimum and
5423 REM maximum speeds (MINMPH and rAXMPH :t ine ends of the
5424 REM distribution, and the tiL's most likely speed (MLKWPH) as
5425 REM the distribution's modal value.
5427 REM

542S REM
5430 R12 = RND

5432 SEGMT = (MLKWPH - MINMPH) / ((MLMPH - MIt'PH) * (tMAQiPH - tML1QIPH))
5434 IF R12 )= SEGMNT THEN GOTO 5446
5436 A = I
5438 B = -2 MINMPH

5440 C = (MINMPH " 2) - (RI? 2 (MLKWPH - MINMPH) * ((MLKMPH - ?IlNMPH) + (IAMlPH - MLOMPH)))
5442 MPH = (-8 + SOR ((8 2) - (4 * A e C))) / (2 * A)

5444 GOTO 5454

5446 A 1

54488=- -2 * MAMPH
5450 C = ((R12 * (MAXMPH - MLKMPH) * ((MLKIiPH - MINMPH) + (MiAXOPH - MLIOIPH))) - ,(tA**XPH - MLi01p
H) * (MLiCIPH - MINiPH- (2 * MAKHPH MLKMPHI - (MLKMPH " 2))
5452 MPH = -.-B - SOR ((8 2) - (4 * A * C))) / (2 * A)

5454 RETURN

5460 REM----------------------------------------------------------------------
7000 REM

7010 REM----------------------------------------------------------------------
7020 REM This subroutine uses Circular Error Probable (CEP)
7030 REM to compute a miss distance for the attacking warhead.

7040 REM

7060 RIO = R4D
7070 R = SOR (((CEP * 2) / LOG (2)) C LOG (I / (I - RIO)))
7080 RII - IND

7090 THETA2 = RII * 2 * 3.14159
7100 X2 = R • COS (THETA2)

7110 Y2 = R e SIN (THETA2)
7120 RETURN

7130 REM ----------------------------------------------------------------------
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8000 RE
004 REH ----------------------------------------------------------------------

8006 REM
9010 REi GROUND.695
8012 REM
9014 REM This subroutine was written by LtCol Larry McKee
8016 REM for use in AFIT course NE.695.

8020 REM

6022 REM The subroutine computes the amount of overpressure
6024 REM incident on the HML fram each burst.
8026 REM
8028 REM Variables:
9030 REM SOR - Scaled Ground Range
9031 REM PX, PY are the HML's coordinates.
8032 REM GZX, GZY are the coordinates of the burst.
8033 REM SOTP = Scaled Origin of the Triple Point
8034 REM4 SRI = Scaled Slant Range
8036 REM REFSR = Reference Slant Range
8040 REM
8050 SR=S0R((PPX-GZX)"2+(PY-G2Y)"2,/YIELD'(1/3):SHOBBHOB/YELD"(1/3):POPSI 4.6
8060 IF SHOB (=5 THEN DPT=.00I * EXP (31.3 * SGR * (-.2136)) : RETUII
8070 IF SHO8<=305 THEN SOTP=.2427*. 79245SHO8+.0009695SHOB"2-2.444E-06*SH09"3+3.532E-0eSHOB"4
8080 IF SHOB-=305 THEN SOTP-SOTP-5.5I5E-I1*SHOE'5+4.907E-14*SHOB96
8090 IF SHO)305 THEN SOTP=95*(EX(P(SHO,'I75)-D)
9100 IF SGR(SOTP THEN 8190
9110 SRI=SOR(SH0B92+SGR'2) :XLOG(SRI)
8120 ALPHA-EXP(.3549*X'3-6.7133*X'2+41.468*X-82.819)
8130 BETA'=EXP(.2592*X"4-5.8741X"3

+
*50.298X"2-185.95X* 248.8)

8140 GP(V-EPEX.1826*X'4-4.36786*X*3,38.6017eX'2-149.59*X216.26)
8150 DP90=.OIEXP(40.3#SRI1(-.295)) :DPO=.OOIEXP(31.3*SRIV(-.2136))
8160 DPA.DPO+(DP90-OPO)*(SHOB/SR1)"2:DPB(SGR/SRI)"(2*BETA)*(SHOB/SRI)"ALPHA*eX(P( CA )
9170 IF SRI ( 100 THEN OPT - DPA : RETURN
8180 IF SRI )= 100 THEN OPT=OPA*OPB % RETUI
8190 REFSR=SRSGR"2+SHOB"2)DPF=EXP(.19*(LOG(REFSR/1000))"2- .5*LOG(REFSR/!000)-.1):SIND-SHOB/R
EFSR
8200 DT=2SDPFs6*DPF"2*SIND"2/(7*POPSI!DPF) : RETURN
8210 REM----------------------------------------------------------------------
9000 REM
9004 REM ----------------------------------------------------------------------
9006 REM
9010 REV DP'MAGE.695
9012 Re-
9014 REM This subroutine was written by LtCol Larry McKee
9016 REM for use in AFIT course NE.695.
9020 REM
9022 REM This subroutine uses a cumulative log normal damage
9024 REM function to calculate the probability of damage for
9026 REM given overpressure levels.
9027 REM (Note: This subroutine can calculate damage due to damage
9028 REM mechanisms other than overpressure. However, in thij
9029 REM model, only overpressure is considered.)
9030 REM
9032 REM Variables:
9034 REM INTENS = amount of overpressure incident on the HtL
9036 REM PD = probablity of damage
9038 REi ISS = Sure Safe level of overpressure
9040 REM ISK - Sure Kill level of overpressure
9042 REM
9050 IF INTENS(IE-i0 THEN PD-0 : RETURN
9060 AA - (LOW(ISK) 4 LOG(ISS,) , .5
9070 88 - (LOG(ISK) - LOG(ISSi) / (2*2.054)
9080 Z - (LOG(INTENS) - ) / 88
9090 IF Z >= 0 THEN PO--.5/(1,.I96854eZ4.II5194.V2+.000344aZ3..019527Z'4)'4
9100 IF Z ( 0 THEN ZABS(Z) : PD.5/(I.196854*Z+.115194*Z'24.000344*Z'3.0i9527*Z'4)*4
9110 RETURNl
9120 REM ---------------------------------------------------------------------
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10000 REM
1 0 0 1 0 R E M ............................................................. - ---
10012 REM This subroutine computes aimpoint locations
10014 REM #or various numbers of attacking warheads.
10016 REM
10018 REM
10019 IF STATIC = 0 THEN 000 10030

f20
20 

5
0
sUe 20100

10030 RL - (RADIUS/.3048)/5280 :REM RL - lethal radius of the warhead
10040 RU = .85 IeMAXMPH * CYCLE/60
10045 REM RU • the radius of uncertainty within which the ML is located.
10050 IF RL )- RU THEN 000 11000
10060 IF NUMRVS = I THEM 00 11000 iRE14 This section identifies the
10070 IF NUMRVS = 2 THEN 000 11040 :REM number of attacking
10080 IF NUMRVS - 3 THEN GOTO 11070 :REM warheads (NUMRVS) per
10090 IF NLIMRVS = 4 THEN 0T0 11200 :REM IL and directs the
10100 IF NUMRS - 5 THEN S0TO 11400 :REM program to the proper
10110 IF NIMRVS = 6 THEN 8OTO 11480 jRE location within the
10120 IF NII4RS = 7 THEN 6070 11560 :RE11 subroutine. Optimal attack
10130 IF NLIMIRS , 8 THEN 6070 11650 :REM patterns are then
10140 IF NUMRVS - 9 THEN GOTO 11720 :REM determined.
10150 IF NUMRVS = 10 THEN 00 12000
10160 IF NUIMRVS - 11 THEN 6070 12810

* 10170 IF NUItIRS = 12 THEN 0TO 12900
10180 IF NLIIRVS - 13 THEN 6070 13050
10190 IF NUMIRS - 14 THEN GOTO 13210
10900 REM
10910 REM I warhead per WiL
10920 REM
11000 FOR J = I TO NUMIVS
11010 XRV (J) = 0: YRV (J) = 0
11020 NEXT J
11030 RETUIN
11036 REM
11037 REM 2 warheads per HML
11038 REM
11040 YR (1) 0 0: YRV (2) = 0
11050 IF RU ) 2 a RL THEN 6070 11060
11055 XRl (I) = RU - RL: XRV (2) " - (RU - RL): RETURN
11060 XRY (1) = RU / 2: XRV (2) = -RU / 2: RETURN
11066 REM
11067 REM 3 warheads per HIL
11068 REMI
11070 IF RL ( RU / 2.155 THEN 60TO 11120
11075 IF RL ) RU / 2 THEN 000 11100
11080 RAD - RU - RL
11090 000 11130
11100 RAD - RL
11110 00T 11130
11120 RAP - .536 * RU
11130 FOR J = I TO 3
11140 XRV (J) - RAD a COS (J a 2 a 3.14159 / 3)
11150 YRV (J) - RAO a SIN (j a 2 a 3.14159 / 3)
11160 NEXT J
11170 RETURN
11196 REM
11197 REM 4 warheads per HiL
11198 REM
11200 IF RL )- RU / 2.4142 THEN GOTO 11230
11210 RAD = (RU * 2.4142 * RL) / 2
11220 GOTO 11270
11230 IF RL )- RU / 2 THEN 6070 11260
11240 RAD = RU - RL
11250 0070 11270
11260 RAO - RL
11270 FOR J - I TO 4
11280 XRV (J) - RAD a COS (J * 3.14159 / 2)
11290 YRV (J) = RA * SIN (J a 3.14159 / 2)
11300 NEXT J
11310 RETUI
11396 REM
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11397 REM 5 warheads per WHL
1139E REM
11400 IF RU 2.701 * RL THEN DIST - (2.701 * RL * RU) / 2: GOTO 11430
11410 IF RL .5 * RU THEN DIST = RU - RL: GOTO 11430
11420 DIST = RL
11430 FOR K = I TO 5
11440 XRV (K) = DIST a COS (K * 72 * 3.14159 / 180)
11450 YRV (K) - DIST * SIN (K * 72 * 3.14159 / 180)
11460 NEXT K
1147C RETURN.
11476 REM
11477 REM 6 warheads per HML
11478 REM
11480 IF RL = RU /3 THEN DIST = (RU * RL) / 2: GOTO 11510
11490 IF RL = RU / 2 THEN DIST = RU - RL: GOTO 11510
11500 DIST = RL
11510 FOR L * I TO 6
11520 XRV (L) = DIST * COS ((L-1) a 3.14159 / 3)
11530 YRV (L) = DIST * SIN ((L-1) a 3.14159 / 3)
11540 NEXT L
11550 RETURN
11556 REM
11557 REM 7 warheads per HWL
11559 REM

11560 XRJ (I) 0 0: YRV (1) = 0
11570 IF RL <= RU / 3 THEN 01ST = (RU * RL) /2: GOTO 11600
11580 IF RL ( RU / 2.732 THEN DIST = RU - RL: GOTO 11600
11590 DIST - SOR(3) * RL
11600 FOP M - 0 TO 5
11610 XRV (M+2) - DIST * COS (M * 3.14159 / 3)
11620 YRY (M+2) - DIST a SIN (M * 3.14159 / 3)
11630 NEXT M
11640 RETURN
11646 REM
11647 REM 8 warheads per HHL
11648 REM
11650 XRV (1) = 0: YRV (1) - 0
11660 IF RU ). 3.305 * RL THEN DIST = (RU + RL) 2: GOTO 11690
11670 IF RU ( 2.902 * RL THEN DIST = 1.802 * RL: GOTO 11690
11680 DIST = RU - RL
11690 FOR N = 0 TO 6
11700 XRV (N+2) - 0IST a COS (N * 2 * 3.14159 / 7)
11710 YRV (N+2) - DIST a SIN (N * 2 * 3.14159 / 7)
11714 NEXT N
11715 RETURN
11716 REM
11717 REM 9 warheads per WCL
11718 REM
11720 XRV (1) - O: YRJ (1) = 0
11730 IF RU ), 3.613 a RL THEN 0IST * (RU 4 1.613 * RL) / 2: 00 11760
11740 IF RU (= 2.9239 * RL THEN 01ST w 1.9239 a RL: 000 11760
11750 DIST - RU - RL
11760 FOR 1 = 0 TO 8
11770 XRV (1 * 2) = DIST * COS ( I * 3.14159 / 4)
11780 YRV (Q * 2) - 01T SIN ( I * 3.14159 / 4)
11790 NEXT I
11800 RETURN
11996 REM
11997 REM 10 warheads per HML
11998 REM
12000 XRV (3) - O YRv (1) = 0
12010 IF RL ( RU / 3 THEN 01ST = RU - RL: GOTO 12030
12020 DIST m (2 * RU) / 3
12030 FOR K - 2 TO 10
12040 XRV (K) = D1ST * COS ((K - 1) a 40 a 3.14159 / 10)
12050 YRV (K) = DIST a SIN ((K - 1) * 40 * 3.14159 / 180)
12060 NEXT K
12070 RETURN
12806 REM
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12807 REM 11 warheads per MtL
12808 REM
12810 XRV (1) - 0: YRV (1) a 0
12820 IF RU ) 4.236 * RL THEN DIST = 3.236 * RL, GOTO 12850
12830 IF RU ( 2.9021 a RL THEN DIST = 1.9021 a RL: 000 12850
12840 DIST " RU -RL
12850 FOR J = 0 TO 9
12860 XRV (J) - DIST * COS (J a 3.14159 / 5)
12870 YRV (J) , DIST * SIN (J * 3.14159 / 5)
12880 NEXT J
12890 RETURN
12896 REM
12897 REM 12 warheads per M9L
12898 REM
12900 IF RU (= 2.7321 a RL THEN GOTO 12940
12910 DISTI - 2 * RL
12920 DST2 - 4.4641 • RL
12930 GOTO 12960
12940 DISTI - RL
12950 DIST2 - 1.7321 a RL
12960 FOR K - 0 TO 5
12970 XRV (K*I) - DISTI a COS (K * 3.14159 / 3)
12980 YRY (K+I) - OISTI * SIN (K % 3.14159 / 3)
12990 NEXT K
13000 FOR L - 7 TO 12
13010 XRV (L) = DIST2 * COS ((2*L-13) * 3.14159 / 6)
13020 YRV (L) - DIST2 * SIN ((2*L-13) * 3.14159 / 6)
13030 NEXT L
13040 RETURN
13046 REM
13047 REM 13 warheads per M91L
13048 REM
13050 XRV (1) " 0: YRV (I) - 0
13060 IF RU 4 * RL THEN 6070 13100
13070 DIST] a 1.7321 * RL
13080 DIST2 = 3 * RL
13090 GOO 13120
13100 DISTI - 2 * RL

13110 DIST2 a 3.4641 * RL
13120 FOR I - 2 TO 7
13130 XRV (1) - DISTJ * COS (1-2) * 3.14159 / 3)
13140 YRY (1) - ISTI * SIN ((1-2) a 3.14159 / 3)
13150 NEXT 1
13160 FOR J - 8 TO 13
13170 XRV (J) = DIST2 * COS ((2*J-15) * 3.14159 ,6
13180 YRV ,J) - 01ST2 * SIN ((2%J-15) * 3.14159 6)
13190 NEXT J
13200 RETURN1
13206 REM
13207 REM 14 warheads per M9L

U 13208 REM
13210 XRV (1) - 0: YRU (1) a 0
13220 IF RU )-4 a RL THEN GOTO 13270
13230 DISTI - 1.7321 a RL
13240 DIST2 - 3 * RL

, 13250 DIS13 - 3.4642 0 RL

* 13260 GOTO 13300
13270 DIST) = 2 a RL
13280 OIST2 = 3.4641 * RL
13290 DIST3 - 4 * RL
13300 FOR I - 2 TO 7
13310 XRV (1) = DISTI v COS ((1-2) * 3.14159 / 3)
13320 TRY (1) a DISTI * SIN ((1-2) * 3.14159 / 3)
13330 NEXT 1
13340 FOR J - e TO 13
13350 XRV (J) - 0172 a COS ((2*J-15) * 3.14159 / 6)

,' 13360 YRY (J) - DIST2 * SIN ((2#J-15) * 3.14159 / 6)
, 13370 NEXT J

13380 XRV (14) - DIS 3 I COS (3.14159 / 3)
13390 YRY (14) - DIST3 * SIN (3.14159 / 3)
13400 RETURN
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20000 REM --------------------------------------------------------------------

20005 RE
200 10 REM -----------------------------------------------------------------------

20020 REM This subroutine computes the lethal radius of the weapon
20030 REI based on the optimal height of burst in meters (OHO8) and
20040 R91 yield in kilotons (YIELD). The subroutine returns the value
20050 REM o4 the lethal radius (RADIUS) in meters.
20060 REI
20100 SOHOB - OO / ((YIELD " (1/3)) * (.3048))
20110 IF SONGS ) 767 THEN SLERAO O 0: GOTO 20400
20120 IF SOHO 787 ED SOHO ) 778 THEN YI a 787: Y2 - 778: X1 - 0: X2 a 100: OTO 20300
20130 IF SONGS (a 778 AND SONGS ) 757 THEN YI - 778: Y2 - 757: XI - 100: X2 , 200: 6OTO 20300
20140 IF SOHOS (a 757 AND SOHOS ) 716 THEN YI - 757: Y2 - 716: XI = 200: X2 - 300: SOT0 20300
20150 IF SONOS (- 716 ANiD SOHOS ) 664 THEN YI - 716: Y2 - 664: XI - 300: X2 - 400: 6OTO 20300
20160 IF SOHG (a 664 AND SOHOS ) 617 THEN Y1 a 664: Y2 - 617: X1 - 400: X2 - 480: SOTO 20300
20170 IF SOHOS (- 617 AND SOHOB ) 596 THEN YI a 617: Y2 - 596: XI - 480: X2 - 540: 6OTO 20300
20180 IF SOHOG (a 596 '40 SONGS ) 580 THEN YI a 596: Y2 - 580: XI a 540: X2 - 625: OTO 20300
20190 IF SOHG (a 580 AND SOHOS ) 540 THEN YI a 580: Y2 - 540: XI a 625: X2 " 640: GOTO 20300
20200 IF SOHOS (- 540 A4D SOHOG ) 500 THEN SLERAD - 640: 6OTO 20400
20210 IF SOHS (a 500 ANID SOHOB ) 400 THEN Y1 - 500: Y2 a 400: X1 = 640: X2 = 620: 6OTO 20300
20220 IF SOHOB <- 400 AND SOHO 300 THEN Y1 - 400: Y2 - 300: XI - 620: X2 = 607: 6OTO 20300
20230 IF SOH08 (a 300 AND SONGS ) 200 THEN YI a 300: Y2 - 200: X1 - 607: X2 " 598: SOTO 20300
20240 IF SOHGS (a 200 OND SONGS ) 100 THEN YI a 200: Y2 - 100: X1 - 598: X2 - 595: SOTO 20300
20250 IF SOHOB (3 100 THEN YI " 100: Y2 0 0: X1 - 595: X2 - 592: 0OTO 20300
20300 SLERAD - Xl + ((X2 - XI) • ((SOHOS - YI) / (Y2 - YI)))
20400 RADIUS - (SLERAD * (YIELD " (1/3))) * (.3048)
20410 RETURN
20420 REM
20430 REM -----------------------------------------------------------------------
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ADoendix B: Model Flow Chart

Initialize and Input
Yariables

Model Section 1

Calculate

'IME 1 = time from launch detection until the
attacking warheads' last valid update.

TIME2 = time from the last update until the HML

stops to assume its hardened configuration

p

SModel Section 21

Calculate location of the detonations.

Calculate the HML's location at time of detonation

Model Section 3

Calculate damage levels.
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Apoendix C: Model Section I Flow Chart

Input & 0 TIII1
FLTTIM - TTG

Initialize - DETECT

Determine TIME2 =

FLTTIM TTG- SETUP
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TTG = FLTTIM Continue

Determine 1 st
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(UPOT H)

UPDTIM ) TTG Yes

No
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?? TTG + UPDTIM
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Aippendix D: Model Section 2 Flow Chart

Determine HM location

at time of ICBM's last

update. This will be the
warheads' aiming
reference point.

Determine this

location by simulating

HML random motion

for a period of time Call Random Movement

equal to TIME1 Subroutine

Adjust for number Call Targeting
of warheads Subroutine

Use CEP to compute Call CEP

miss distance. Subroutine

Determine HML location

at time of detonation.

Do this bi simulating

random movement for

p t~dof tIMe2 ul Call Random Movement

to T~ 2."l Subroutine
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Appendix E: Model Section 3 Flow Chart

Calculate the distance

from the HML to

each of the bursts.

Calculate peak overpressure

on the HML from each Call Ground .695

of the bursts.

CalclateW-1 S 0 Call Damage .695

Take product of individual
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Appendix F. Taraetina Patterns
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Figure 41: Basic Targeting Pattern for Tvo Warheads
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Appcndix G: Computer Code for Fratricide Effects

WO0 REI .-----------------------------------------------------
30010 REN - - - -- - - - -
30100 GOSUB 31000 :RE?1 Sub 31000 puts the bursts in random order

30110 FOR L = I TO NUtRVS
30120 9RSTPO = L
30130 PRIORS - SRSTPO - 1
30140 IF L = I THEN PSFRAT (L) = 1: RETURN

30150 IF L = 2 THEN GOSUB 32000: PSFRAT (L) = 1-(PKW(L-1)):RETUI4

30160 GOSUB 32000
30170 PSFRAT (L) = 1
30180 FOR M = I TO PRIORS
30190 PSFRAT (L) = PSFRAT (L) * (1-PKN(M))
30200 NEXT M
30210 NEXT L
30220 RETURN

31000 REi

--------------------------------------------------------------------------------------------------
31100 FOR I = I TO NLIRVS

31110 ORDER (1) = INT (NUMRVS * RND 4 1)

31120 IF I = I THEN GOTO 31160
31130 FOR J - I TO 1-1
31140 IF ORDER (I) = ORDER (J) THEN GOO 31110

31150 NEXT J
31160 ORDXI' (ORDERC1)) = BURSTX (I)
31170 ORDRVJ (ORDER(I)) = SURSTY (1)
31190 NEXT I
31190 FOR K - I TO NUIiRVS
31200 BURSTX (K) = ORDXRV (K)
31210 BURSTY (K) = ORDYRV (K)

31220 NEXT K
31230 RETURN
31240 REN ------------------------------------- --------------------- -------------
32000 REN
32010 REl .......................................................................
32100 FOR I = I TO PRIORS

32110 RVSEPR = SOR ((BURSTX (1) - BURSTX (BRSTPO)) ' 2 + (BURSTY (1) - BURSTY(BRSTPO)) 2)
32120 GOSUB 33000

32130 PM0q (I) - PI0N
32140 NEXT I
32150 RETURN
32160 REN .......................................................................
33000 REN
33010 REM .......................................................................

33020 ISS = ISSNTR
33030 ISK - ISIQ'"TR
33040 ALT - HOB

33050 GOSUS 34000
33060 MI - DENS * RVSEPR / 10

33070 XPON = - 6.775 + .005269 * MI -5.4364E-06 v MI ' 2 - 2.1468E-04 * MI 1.5 -3.8214 * SUP (

MI) + 10.875 * *I (1/3) - 1.3975 1 LOG (MI)
33080 ANISN = EXP(XPON)
33090 NEUTRON - 3.2E#23 0 YIELD * ANISN / (4 * P1 # (R'JSEPR * 100) '2)

33100 INTENS = NEUTRON
33110 GOSUB 9050
33115 PIM - PD
33120 RETURN
33130 REM ------- ----------------------------------------------------------- -----

w
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34000 REI
3 4 0 1 0 R EM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
34020 IF ALT ) 11000 THEN GOTO 34040
34030 -EIF =8P.>-.O0.. , .L': P"E-S=!3 0 .C *.EMP - .- 

_
.

J"3 T = ,.8 Z16. 6 026YiJ OE.XP-.0001582'(ALT-Il00011: GOTO 34090
34060 IF ALT ) 32000 THEiN GOTO 34080
34070 TEMP a 216.65 # .001.(ALT-20000): PRESP5528 *(216.65/TEMP)'34.164: 000 34090
34080 TEMP a 288.65 * .0028*(ALT-32000): PRES-888.8a(228.65/TEP)'12.2014
34090 SNDSP = 20.046 * SOR(TEMP): DENS -. 003484 *PRES / TEIP: RETURN
34100 REM -----------------------------------------------------------------------
50000 TOTKIL - 0

50010 FOR I = I TO NUI.RVS
50020 TOTKIL = TOTKIL 4 PSFRAT (1)
50030 NEX'T 1
50040 RETURN

1'4
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